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ABSTRACT 

A technology assessment of personal computers was 
conducted to study both the socially desirable and undesirable 
impacts of this nev technology in three main areas: education, 
employment, and international trade. Information gleaned from this 
study was then used to generate suggestions for public policy options 
which could influence these impacts- Four primary methods were used 
to develop the information for the policy analysis stages of the 
assessment: (1) search and analysis of the relevant literature, (2) 
development of a series of scenarios of alternative futures, (3) 
performance of two Delphi surveys and a cross-impact analysis based 
on these scenarios, and (4) interviews and/or surveys of the 
potentially affected stakeholders and decision makers. Tables of data 
are included as well as a list of references. Appendices include 
Delphi questionnaires with summaries of findings and an employment 
questionnaire used in the study. (LLS) 
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Preface 



This set of reports is the last in a series covering the first two 
years of progress of the Personal Computer Assessment Project at the 
University of Southern California. The Principal Investigator of the project 
is Jack M. Nilles, Director, Interdisciplinary Programs. Organizationally, 
the Office of Interdisciplinary Programs is a unit cf the Office of the 
Executive Vice President of USC* A technology assessment is a complex, 
broad-scope activity. As such, it requires the participation of researchers 
from a number of disciplines and the cooperation of a variety of experts from 
outside the university. The purpose of the Office of Interdisciplinary 
Programs is to develop such projects on a university-wide basis. 

The use research team has included the following jjidividuals: 

Jack M. Nilles Director, 

Interdisciplinary Programs 
Office of the Executive Vice President 
(Project Director; Impact and Policy Analysis; 
Reports Editor) 

F. Roy Carlson, Jr. Assistant Dean, ^ 

School of Engineering 
Director, Engineering Computer Lab 
(Technology Forecast; Scenario Development; 
Education Pblicy Analysis) 

Director , 

Center for Telecommunications Policy Research 
Annenberg School of Communications 
(Telecommunications Policy) 

Professor, 

Decision Sciences [Now Chairman, Management Science 

and Computers, 
Cox School of Business, 
Southern Methodist University] 
(Scenario Development; 
Impact Analyses) 

Associate Professor, 
Electrical Engineering 
(Technology Forecast) 

Milton G. Holmen Professor, 

Management, Public Administration 
(Market Analysis) 

Michael J. White Associate Professor, 

Public Administration 
(Policy Methodology; 
Employment Policy) 

Celeste B. Akkad Office of Interdisciplinary Programs 

Project Assistant (until June, 1980) 

Carol B. Gordon Office cf Interdisciplinary Programs 

Project- Assistant (from June, 1980) 



Herb Dordick 



Paul Gray 



John P. Hayes 



Research Assistants 

Manuel Arroyo (Market Analysis) 

Sean C^ey (Scenario Development) 

Terri Gray (User Surveys) 

Chcirles Steinfield (Delfhi Survey Analysis) 

Patricia VJfeilters (Scenario Development* Education Policy) 

In addition to the project staff, we have been given much valuable 
assistance and advice from a Board of Mvisors. The ocmposition of the Board 
has been as fiDllovs: 

Rcfcert W. Barmeier Director, 
Planning Research 
Sears, Roebuck Cbmpany 

Professor, Department of Ehysics 
t&iiversity of CSaifbmia, Irvine 

Publisher, 
InfbWbrld 

S^secial Assistant to the Director 
Office of Technology Assessment, 
U.S. Obngress 

Edward E. E^Der Presidait, 

Computerland Corporation 

Portia Isaacson Research Fellow, 

Electronic Data Systems 

fenk RDehn Vice President, Ritures Research 

Security I^cific National Bank 

Ryal R. Poppa President, 

PERTBC Cbnputer Corp. 

John Ratliff Cbnsultant 



Alfred. Bark 
John Craig 
Robert E^y 



R. B. Shirey Vice President, 

General Telej*iDne Company 



We have also been fortunate to enlist the cooperation of a number of 
experts in various aspects of our research by means of our Delphi surveys. 
The Delphi panelists and our advisors contributed their time, interest and 
insights far beyond the call of duty. We are grateful for the time spent by 
those who participated in the surveys associated with the project. 

Finally, we are greatly indebted to Dr. G. Patrick Johnson, of the 
National Science Foundation, for his interest, advice, and encouragement. 
Although many improvements in our research have resulted from the 
contributions of these advisors, panelists, and respondents, any failings must 
remain the responsibility of the research team. Readers interested in gaining 
further information may contact: 

Jack M. NUles 
Director , 

Interdisciplinary Programs 
University of Southern California 
University Park, ERB 342 
Los Angeles, Ck 90007 
(213)743-8989 
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CHAPTER 1: 
INTRODUCTION 

The fonnal art of technology assessment (TA) is relatively recent, the 
term having been coined only a few years ago. It springs from the broadening 
recognition by many citizens in technological societies, and by public policy 
makers in particular, that developing technologies can have unforeseen and, 
frequently, undesirable and massive consequences* The fundamental goal of a 
technology assessment is to somehow anticipate both the socially desireable 
and undesireable im:'vacts of a developing technology, estimate the extent to 
which public policy decisons might be able to influence the impacts, and to 
suggest policy options accordingly. The TA is an advisory process. Its 
findings, if succjessful, help decisonmakers in direct proportion to the extent 
to which they minimize surprises in the decisionmaking process. 

The purpose of this volume of the Personal Computer Technology 
Assessment is to present some of the policy issues and options which may arise 
as a consequence of the development of personal computer technology. Because 
of limitations of time, funds, and human power not all of the potential issue 
areas could be examined. A decision was made by the project team at about 
midpoint in the project, in consultation with various advisors to the project 
and the National Science Foundation, to restrict the more detailed analyses to 
a relativelx small niuaber of issue areas. Nevertheless, we hope that the 
methodology used for these issue area analyses as described and exemplified 
in Chapters 3 through 6 of this volume, will provide suitable materials for 
future analyses of other Issues. 

In particular, we have attempted here to deal with the realities of 
the decisionmaking process as much as possible. Policy decisions are not made 
on the basis of some hypothetical world t^ose citizens are all well^-informed, 
have a uniformly accepted set of values and goals, and always behave 
rationally. On the contrary, public policy decisions of any importance are 
normally made in a welter of conflicting interests, expressed by a variety of 
individuals and organizational spokespersons, in various settings and 
situations of process dynamics, and often implemented in ways which seem 
unrelated to the original intent of the decisionmakers. Further, except for a 
few, mostly trivial, cases the issues cannot be holistically presented in 
quantitative terms. Tradeoffs must frequently be made between development of 
formal cost--benefit analyses and more qualitative success criterion 
evaluations. 

The following pages represent our attempt to cope with these various 
aspects of the decisionmaking process. Most TAs performed to date have dealt 
with maturing technologies. Ours deals with an emergent one. We have the 
advantage of examining potential issues before the technological impacts 
giving rise to them have begun to appear in any great numbers. Consequently, 
we can look toward anticipation of .the development of impacts rather than 
finding ourselves in the frenzied situation of trying to cope with impacts 
that may already be getting out of hand. On the other hand, we have the great 
disadvantage of having almost no historical data on our specific technology 
which might lend* support to some of the conclusions to which we have come or 
the specxilations we have made. We must rely on postulated analogies to other 
technologies. This is typified by the market forecasts presented in Volume II 
of this report. 

Fortunately, it appears that rough order*of-magnitude estimates are 
sufficient at this stage of the process. Since major impacts have not yet 
occurred there is still time to collect more and better information although, 
as is argued in Chapter 6, we can not be complacent. We hope that, as the art 
progresses, the results of this and subsequent assessments can be used to 
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continually refine our ability co predict both technological impacts and 
practical means for dealing with them. 
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CHAPTER 2: 

THE ISSUE SELECTION AND ANALYSIS PROCESS 
1. Relationships With Prior Work. 

Personal computer technology, as defined by our project team, is 
directly related to the broader area of information processing technology, 
including computers, microelectronics, and telecommunications. Personal 
computers are also directly related to transportation technologies, because of 
their ability to augment or alter transportation modal choices, particularly 
when they are connected to telecommunications networks. A number of studies 
have been performed in the past concerning the social impacts of these related 
technologies. Some of them have been formally named technology assessment, 
others have not. For example, there is a fairly substantial literature on the 
effects of computers on society. ' In general, this literature has concentrated 
on the effects of large computers; typically, those owned and operated by 
large organizations. While many of the findings of these studies are 
applicable to the potential impacts of personal computers, we anticipate some 
impacts which are essentially unique to perseaal computers. Nevertheless, the 
policy issue areas presented in these prior studies have formed a starting 
point for our own considerations. 

For the past several years, various members of the USC faculty and 
staff (in the Office of Interdisciplinary Programs, the Center for Futures 
Research, and the Center for Communications Policy Research) have been engaged 
in technology assessments or related analyses dealing with the societal 
impacts of information technologies. These studies have included: 

1. Telecommunications-transportation tradeoffs (telecommuting); 

2. Trans-border international data flow; 

3. Development of municipal information service technologies; 

4. Societal impacts of electronic funds transfer technologies; 

5. Societal effects of broadcast media; and 

6. Implications of proposed revisions in the Federal Communications Act. 

7. Policy implications of Electronic Funds Transfer. 

Since the majority of those individuals who performed or participated in these 
studies have also had a hand in this assessment, we have been able to take 
advantage of their perspectives. 

2. An Overview of Policy Issues Related to Personal Coapaters. 

Although there is a variety of literature on the impacts of computers 
on society and on related public policy issues, this literature is 
concentrated for the most part on eight general issue areas. These are as 
follows : 

^* displacement . Do computers create more or fewer jobs? Do they 

change the nature of jobs to be performed? If so, do these changes 
result in hardships being imposed on certain segments of the labor 
force? Is there a government role in ameliorating any hardships ^ 
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created? 

2. Privacy . To what extent do computers and, particuarly, computer data 
bases constitute a threat to the invasion of personal privacy? Is 
this threat, if any , different in scope or in kind in the public and 
private sectors? How should the public be protected from unwarranted 
invasions of privacy? 

3. The computer as an enhancer of productivity . Do computers change the 
structure and processes of organizations to which they are introduced? 
If these changes increase productivity, either directly or indirectly, 
how can they be enhanced or accelerated? If the changes reduce 
productivity, how can they be prevented? 

4. The computer as a force toward uniformity and stasis . Does 
introduction of computers create organizational arteriosclerosis? Do 
computers limit the ability of an organization to adapt to change? 

5« Computer misuse . To what extent does misuse of computers (via 
accident, mis- or dis-information, inappropriate applications, or 
crime) cause serious, negative societal consequences? To what extent 
can computer misuse be prevented by policy action? 

6. The computer as a force toward? class stratification . Does the 
introduction of computers into society act to intensify class 
stratification by creating an "information elite?" Are inequities of 
opportunity produced as a consequence of the uneven distribution of 
computers and computer "know-how" in society? 

7. The effects of the computer' on education and cognitive processes. 
Does the use of computers in education improve the educational 
process? Under ^^t circumstances? Does the use of computers change 
the ways we think? 

8. Monopoly versus free competition . Do computers and, particularly, 
computers interconnected via telecommunications act to increase or 
decrease the scope and/ or intensity of competition nationally? 
Internationally? What effects do computers and telecommunications 
have on international economics? How do government policy actions-* 
alter the national and international market structure? 

The arguments presented in discussions of the effects of computers on 
society and on their related public policy issues tend to be quite polarized. 

The enthusiastic technologist presents computers as either a major tool for 

the solution of many of society's contemporary ills or as the means by which 
society can evolve to outgrow those ills. The more skeptical group, including 
some computer scientists, suggest that computers to date may have caused 
considerably more trouble than they haVe been worth. As an example of this 
latter group, we offer an excerpt from an article in Science magazine by 
Joseph Weizenbaum of the Massachusetts Institute of Technology. 

The structure of the typical essay on 'The impact of 
computers on society* is as follows: First there is an 'on the one 
hand' statement. It tells all the good things computer have already 
done for society and often even attempts to argue that the social 
order would already have collapsed were it not for the 'computer 
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revolution.' This is usually followed by an *on the other hand' 
caution which tells of certain problems the introduction of 
computers brings in its wake. The threat posed to individual 
privacy by large data banlcG and the danger of large-scale 
unemployment induced by industrial automation are usually mentioned. 
Finally, the glorious present and prospective achievements of the 
computer are applauded, while the dangers al.luded to in the second 
part are shown to be capable of being alleviated by sophisticated 
technological fixes. The closing paragraph consists of a plea for 
generous societal support for more and more large-scale, computer 
research and development. This is usually coupled to the more or 
less subtle assertion that only computer science, hence only the 
computer scientist, can guard the world against the admittedly 
hazardous fallout of applied computer technology. 

In fact, the computer has had very considerably less 
societal impact than the mass media would lead us to believe. 
Certainly, there are enterprises like space travel that could not 
have been undertaken without computers. Certainly the computer 
industry, and with it the computer education industry, has grown to 
enormous proportions. But much of the industry is self-serving. It 
is rather like an island economy in which the natives make a living 
by taking in each other's laundry. The part that is not self 
serving is largely supported by government agencies and other 
gigantic enterprises that know the value of everything but the price 
of nothing, that is, that know the short-range utility of computer 
systems but have no idea of their ultimate social cost. In any 
case, airline reservation systems and computerized hospitals serve 
only a tiny, largely the most affluent, fraction of society. Such 
things cannot be said to have an impact on society generally. 
(Weizenbaum, 1972) 

The eight areas of societal impact of computers listed above 
constitute but one way of arranging statements of the impacts of computers 
into relatively manageable groups r Personal computers can be expected to have 
societal impacts in each of the eight areas listed. Additionally, as personal 
computers become truly more "personal,- adapted to the specific uses of single 
individuals, they may cause changes in both the intensity and nature of their 
impact on society which could be significantly different from comparable 
impacts of large computers. Fundamentally the issue is whether personal* 
computers will cause us to 1) "take in each other's laundry," that is to 
increase useless activity, at an expanding rate, 2) increase the options for, 
and likelihood of, survival of humanity, 3) neither of the above, or 4) all of 
the above. 

Unfortunately, since the formal study of the impacts of computers on 
society is relatively new, there are few organized collections of historical 
data concerning specific cause and effect relationships between the 
introduction of computers and the appearance of specific social phenomena. 
Consequently, discussions of the effects of computers on society tend to be 
anecdotal and broadly philosophical. Neither the reports Weizenbaum 
disparages, nor many of his own comments on the societal impacts of computers 
are supported by objective measurements. There are not good statistics on the 
impact of computers on job displacement, on crime, on equity, or on cognition. 
There are data on international trade and computer technology, but not on the 
effects of this trade or technology transfer on changes in international 
competitiveness. Volumes have been written on the effects of computers, 
particularly computer-assisted instruction technologies, on education. 
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Members or our research team point: out that a report on the effectiveness of 
CAI can be found to support essentially any position one might wish to cake. 
Worse » this situation is not due to negligence or incompetence on the part of 
of those performing the research, but to the fact that we have not yet 
developed methods for measuring these subtle , complex phenomena* 

All of this presents perishingly little comfort to the barrassed 
policy analyst y who is importuned to come up with specific reconunendations in 
response to these frequently ill-defined, ephemeral and unstable issues. 

3« Analysis Methodology and Criteria for Issue Selection. 

As mentioned earlier, the research team was faced with the objective 
;of explicating and analyzing these issues under constraints of limited time 
and budget. Consequently, we developed a general framework which was designed 
to encourage the screening out of specific issues from the large set implied 
by the list of impact areas given earlier. Our focus was oo bounding the 
issue areas and sharpening their definition as they would relate specifically 
to personal computer technology. In this way the number of issues to be given 
detailed analysis would be winnowed to the set we finally chose. 

At the same time, we did not wish to constrain ourselves to issues 
which had already been reported from within the existing literature oriented 
to personal computers. Consequently, we began the analysis from the 
perspective of a broader framework of policy goals and orientations. In the 
context of these broad goals, we looked for specific possible impacts of 
personal computers. The elements of the framework and the criteria used for 
screening potential issues were as follows : 

3.1. National Goals and Policy Orientations. 

Table 2-1 provides a list of national goals, policy areas, or policy 
orientations. Some are explicitly legislated goals, some are simply areas in 
which various policy issues seem to cluster, and some are inferences from 
observation. Each item in the list was examined to see if PCs might have 
impacts relevant to it. The list may not be exhaustive, and the items might 
well be regrouped in different ways by other analysts. The purpose here was 
simply to take a broad sweep among Federal policy concerns to see if there 
might be PC impacts that we might otherwise neglect. This list was reviewed 
weekly by the research team during the early portions of the analysis process. 

3.2. Preliminary Issue Areas. 

The second step involved the selection of preliminary issue areas for 
further analysis based on criteria such as: was this a PC issue specifically 
or an issue of electronic computers in general? Were there sufficient impacts 
here uniquel y ascribable to PCs? Was the issue tractable for analysis? Were 
data available to allow analysis? Was the issue focused enough for further 
inquiry or was it too vague? A set of preliminary issues is summarized in 
Table 2*-2. This table also shows conclusions from subsequent steps (and prior 
research tasks). 

Screening Criteria 

Uniqueness to (or of) PCs (+); magnitude of impact (+/-); extant 
agency interest and/ or statutory responsibilities; potential institutional 
agendaviablility ; analytical tractability. 
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TABLE 2-1 

National Goals and Policy Orientations 



ITEM 

Civil Liberties and Individual Diversity 
Equality of Income 
Equality of Opportunity 

Industrial Organization, including 
market planning and competitive 
strur^ture, paten t/copy right, pro- 
ductivity, innovation, in or through 

Economic Stabilization 



Envi ronmental Protection 
Regional Planning and Governance 
National Defense 
Manpower Pol icy 

.Hous i ng 
Public Health 

Crime 

Food 

Consumer Protection 



Energy 

Maximum Feasible Social Participation 
and Personal Realization 



POSSIBLE PC ISSUES 

Privacy; Homogeni zation 

Computer- Induced Stratification 

Computer- induced Stratification; 
computer literacy 

Competitive considerations in 
the PC market; Standards; 
software protection. Dissemination, 
Venture capital 

Foreign trade ~ Balance of 
payment considerations; 
International penetration of 
American market and production; 
Job Displacement 



Job Displacement; Job Relocation; 
Retraining; Quality of Work life; 
PCs in job training 



Some specific software matters 
relating to accidents, bad advice 

White-collar crime — use of PCs 
for theft, etc. 



Variety of software considerations; 
compatabi I i ty standards 



Use of PCs by handicapped and 
developmental ly disabled; by 
learning disabled; use of PCs 
in education (PCs In Tel ecociinu ting) 



Transportation 
Telecommunications 



Screening Criteria: Do identified issues fit any recognizable Federal policy priority? 

Can a Federal policy priority be articulated for a given issue? 
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ISSUE AttEA 



LACEflENT 



AS CHANGE AGEKT 

rganlzatlon 
Structure 



"CLASSIC" COHPUTER ROLE 



PC ROLE* 



Conjecture in J,960: Elininatlon of clerical 
Jobs, including unenployacnt. 
Actual data to present: Net creation of new 
Jobs. 



loproper access to, aggregation of, 
infornatlon on personal affairs. 



Introduce nev nanagenent tech. to large 
orgs. Aid in accelerating technological 
progress. 

Kay decrease declsioo Baking flexibility 
(or poiialblllty) of nid nenagenent. 



MAGNITUDE OF PC EFFECT 



I 

ON 



PC if widely diffused caay result in 
net loss. 

Mufi shift in entertainnent, Indus- 
try, education, creation of Joba 
for handicapped. 



< -Plug Invaaion of right to solitude; 
when used aa screen. My tend to 
counteract invasion of privacy. 



Proportional to Jog(No. gf unlta) 
Positive 

Host likely more Joba created than 
lost. 
Negative 

Greatest near-tern eff. on older, 
computer illiterate workcrti. 



Wus introduce agmt. tech. to amall 
org. Can provide nore fleicibility to 
■iddle nanageaent. 

Hay act to counter org. paralysis 
in large org. via PC "guerrillas." 



Proportional to lox(No. of units) 
Negative 

Used by business, govt; compounded 
by networking of data bases. 
Positive 

Prop, to use as screen, use of 
encryption devices. 



Proportional to 1or(No. of units) ( ?) 
Can Bake significant diff . to viabil- 
ity of snail business. 

Uae by Biddie Bgat. may accelerate 
trend toward office automation - corresp 
Increaae in "white collar" productivity, 
effects on JOB UISPMCEMHNT. 



AS IIOHOGENIZER 



ACCIDENTS 



CRIME 



Standard softwsre produces standard 
organization, people. 



tfut 

DehoBOgenixer (chaoa producer; wave- 
naker (?)) in soae caaea ^ee PER- 
SONAL FREEDOM?. 



Proportional to log(No. of units) 
Acclerated honogcn. in sono areas 
(buslness&flnsn. sys) May allow dc- 
hoBogen. in others. /Sec C)(/NCE 
AGEKT, PERSONAL FRE£DO|j]f 



GIGO, inappropirste, sensitive to cler^:'^)l 
errors. 



Theft of computer time, funds. 



Uigher sensitivity to accidents unless 
better software than large conp. 



fflus Theft of PCs. 
Use of PCs as burglary tool, 
wiretapping ZSee'PRIVACi?. 



Exponential . Hiatakca of early stages 
of growth of largo comp. may be re- 
peated; eff. of "virus" progs, etc. - 
more widespread. 

GEH 

Prop, to No. of unit 8 , However, may 
Increase prod, of organized 
crinc ->expQnentifll 



TABLE 2-2 



ERIC 



SOCIETAL EFFKirr/ 
I'OLICy ISSUE AllEA 



"CUSSIC CDHMITKIt ROLE 



FC HOLE 



KACNITUDK OF I'C mm 



cm STRATIFICATIOH 



Slight treiul toward ciopputer ditliis. 



Could CBU86 "laforiatlon 

II 



Proportional to dlatrll i uU uii wi K 
ouncralilp onong ocoi chuiicu )( j|c|) 
dlttcontlnoua functions (l.c, wiiy k 
large effect for sione (iuopli!)* 



EDUCATION, CUCHITIOtl 


Little widespread lipact (wfitly duo 
to high coBti low CAI effoctlvunciiu), 
except adsiniatratlvfi DP. 


Keductlon of adnlnlatratlve tine load 
of teaclieri; low coat CAI; threat to 
Education eatabllsluicnt," Hechanha- 
tioQ or liberation of thought pro- 
mm (1) 


Proportional tu(No. of imllH in ed. 
systenHKot of unlt!i)MCAI iiofcwiirc 
effect h hone) 

CAI effect highly depenJuii on 

software quality, 
•--no data available on cognitive Impitccs 


msioH OF mm. 

- FHEEIICH 


* Small, except In change agent role. 
- Little effect 


Possible iajor Influence in bringing 

- Vocat ional , avocat ional , expertise 
to Individual. 

-Can laterlally increase options 
avail, to indlvlduali especially 
as electronic Mg services becoie 
available* 


Proportional to: scope, quality of soft- 


ware^ ( of units. demoRraphic distrib. 


Could be najor factor in deveU ot T** 
new InfOi "cottage** Industry; affect 
50{ of labor force. 


mm 

TRADE 


Urge coaputera conatUute I of 
net U.S. positive balance of payients 
Jn 197 


Confiei|uencei depend on relative cos* 
petltlvenesB of lISp fof:elgn Industries 
(esp. Japan^ England). U US stays 
sheadf Incieased pos. bal., if for. 
countries take over US oarket, then 
negative balance. 


Proportional to K (Net No. of units 


ex(in)ported)f where K)l. 





TABLE 2-2 (Cont'd) 



* f-- (leans '^saie is large coiputer systems'^ 
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3. 3. Technological Forecast* 

In this stage, our previous techao^°Sy forecasts were ^examined and, if 
necessary, revised and/or expanded to ans^" the following questions for the 
issues selected in step 2. What technol^Sy currently available that would 
cause a problem or opportunity to exist? ("Problem" implied a plausibly 
undesireable incongruence with ejcigting P^^^^y or widely held values. 
"Opportunity" implied a possible technol^?^"! means of ameliorating a 
previously identified problem.) tecbooiogy might become available, and 

when, which would mitigate the problem, agg^vate it or create a new problem 
or opportunity in this area? Who might develop this technology; at ^t cost? 
What likely private and governmexxtal acti*^^^ might retard or accelerate these 
developments? What indices coul^ motiico^^d here? 

Screening Criteria 

The technology needed to q^j^ ^he Problem serious is unlikely uo 
become available during the study»3 time horizon (+); or, the s:echnology 
needed to make the problem disappear is li^^y to become avail cible wj,thin the 
study's time horizon and without Federal l^^^^ention before the problem 
becomes serious (-)• Criteria foj. ^lij^eli^od" estimates ar& qualified by the 
severity of the problem being cougijjgj.ed, 

3«4« Market Forecasts* 

In this stage, the technology forecasts wtsre augmented by reference to 
our market forecasts and those of others* ^t was the (order of magnitude) 
size of the market relevant to thig issue under study? What relation was 
there between market size and the impact concern? What were the growth 
rates of markets? Who in the market (Producers and consumers)? How might 
applications develop to affect thlg issue? What characteristics of society 
were relevant to the market here (e.g. comiHiter literacy)? What market 
events and trends would aggravate or mitig^^® the problem? Transform the 
problem? What indices could be monitored? 

Screening Criteria 

^ Did the market forecasts indicate tbat a sufficient number of people, 
or a critically located group of people likely be at risk (or have an 

opportunity for risk mitigation) for the pi^ot)lem indentified? Would the 
market be large enough for a problem to e^^^^^- 

3«5« Impacts. 

Given the technology and uiarket forecast (note that fairly gross 
measures of market size are adequate for ^^^^ aspects of the analysis) , what 
were the most likely impacts, who would ^ ^f^cted, in what numbers, and to 
what extent? Scope and severity of impact ratings were developed. The shape 
of the functional relation between market or technological capability, on 

the one hand, and social impact, other, ^ere conjectured as well. A 

Delphi study was used as a major element this analysis, preceded and 
augmented by more detailed impact analyse^ '^'^^ project team. Issues of 
less than major impact were screened out here. 
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Screening Criteria. 

Number of people suffering loss or reaping benefits; direct economic 
impact; magnitude of impact on individuals; structural impact on market 
development; foregone or realized opportunities. 

3.6. Existence of Self-Organizing Responses. 

Issues may be resolved by the operations of non-governmental, or at 
least, non-Federal institutions. In order to clearly exclude issues for which 
a Federal response might clearly be superfluous, the impact assessment was 
supplemented by an appraisal of likely private and non-Federal governmental 
responses. Two types of responses are possible: decentralized and 
quasi-centralized. Local government codes and private market participation 
are examples of the former. Private standards agencies are an example of the 
latter. 

Important here was the specification of monitoring criteria for the 
identification of response failures in the non-Federal sector regarding issues 
with sizable impact. 

Screening Criteria 

Is it likely that private responses will eliminate any need for 
Federal response, adjusted for a consideration of the magnitude of impact in 
the event of private failure? Thus, for key, large-potential-magnitude impact 
areas, a high (but less than unity) probability of a successful private 
response might not exclude the issue from further consideration. 

3.7. Federal Interests. 

Even if the issue is likely to be handled privately, there remains a 
need for the specification of Federal interests in any issue wich major 
impact. This specification includes institutional (agency) responsibilities 
and statutory authority. But, it also needs a process dimension as well. We 
sought here to assess whether an issue had -agendaviability,- or whether, 
regardless of the size of the impact and the likely private response (or lack 
thereof), the issue were viable as a political issue. Some issues may not be 
likely to occasion governmental resolution; for example, the^ Federal 
responsibilities may be too diffuse, dispersed, or conflicted. There is no 
point, at least at this stage of the assessment, in analyzing in detail issues 
unlikely to occasion any effective response. Here, also, the areas in which 
the interest may be expressed also were considered. These Included, besides 
specific institutional domains, the various courts, the Congress, the 
regulatory agencies, and the agency rules and CFR regulations outside of the 
independent regulatory agenices. It was at this stage also that the kinds of 
institutional interests discussed in Appendix B were considered, e.g., agency 
interests in domain protection, legitimacy, deterrence capability of its 
enforcement activities, maintenance of decision latitude, etc. 

3.8. Political Factors. 

Here, the political process variable was addressed. These included: 
who were the stakeholders and what were their interests (political and 
economic)? What public interests and principles were involved? What were the 
tradeoffs inherent in the issue? What decision chains and processes were 
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appropriate and likely here? Whose participation and attention was essential 
or helpful or obstructive? What was the latitude for decision? What 
externalities might there be that would expand the scope of the conflict? 
What legal instrumentalities might be chosen here, and who was needed to make 
them work? 

3. 9. Appraisal Factors 

How would it be Jcaown that the problem is resolved? What were the 
criteria for terminating or revising any Federal intervention? What indices 
of the need for policy change could be institutionalized? What were Che 
foreseeable countermeasures which might be monitored? What technological and 
market changes would require a policy modification? 

These nine stages are in addition to the standard policy analysis 
phases intermingled in stages 7 through 9 in which specific, issue-limited 
goals and objectives are set, situations modeled, options examined and 
sensitivity tested, assumptions detailed, etc. 

This nine stage process was not followed in rigorous, sequential 
order; rather in practice it was iterative* For example, the political 
analysis of step 8 might occasion a return to the market analysis of step 4 
for further investigation, and so on* Furthermore, the results of some of the 
steps are often more implicit than explicit in the results of the research as 
reported in later chapters. 

4. An Ezaaple: Personal Computers and RF Interference. 

The following is a brief description of the existing and potential 
circumstances surrounding one recently resolved policy issue related to 
personal computers, deriving from the fact that personal computers can emit 
radio frequency signals which can interfere with nearby television sets. 

Market Action 

A number of manufacturers of personal computers, in an attempt to 
minimize the apparent market price of their offerings, elected not to include 
.a cathode ray tube display as part of their system; instead, they provided a 
video output device which would allow the PC owner to use that video output to 
drive his/her commercial television set. 

The problem with a number of these converters, some of them 
PC-manufacturer-supplied, others available from other manufacturers, and with 
some of the pesonal computers themselves, was that they "leaked" their signals 
at sufficiently high levels to Interfere with nearby television sets, such as 
in a house or apartment building. This problem also occured with video games 
and similar devices, which could be considered to be primordial personal 
computers. Present PCC rules require certification of these "restricted 
radiation devices." 

The two PC manufacturers having the dominant market share in 1979, 
Tandy Corporation (Radio Shack) and Apple Computer Inc., either required an 
external modulator which was left to the PC owner to supply or offered an 
optional display device to be hard-wired to the computer. Texas Instruments, 
Inc., because of a presumed desire to enter the low-price end of the PC market 
in mid-1 979 filed a petition with the FCC, asking that the Commission 
establish new, relaxed standards for modulators. This would allow them to 
market a low-cost computer system, using a consumer's television set as a 
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display, without going through the FCC testing required by present standards. 
The FCC rejected the petition and Texas Instruments has subsequently 
introduced a small computer system which is priced at about the same level as 
the Apple system, but higher than the system offered by Tandy Corporation 
(i-e, about $1200 for the TI or Apple systems, half that for the minimum-size 
Radio Shack system). 

It is not yet clear whether the higher price of the TI system with the 
required hard-wired video monitor will affect sales in their primary target 
market: home use. However, the FCC decision has clearly had an impact on the 
market structure. 

Our market and technology research led us to the following conclusions 
(in mid-1979): 

First, there are no technological barriers to development of a 
low^ost, interference-free RF modulator suitable for PC and video 
game use. Therefore, if the demand is seen as sufficient, firms 
will develop and manufacture certifiable modulators and go through 
the certification process. 

Second, the market for PCs in the home is presently highly price 
sensitive, one reason that many manufacturers are now concentrating 
on the business, rather than the home market. Nevertheless, we 
forecast that the home market in 1982 will be in the order of 
750,000 units, for an annual gross sales of about $250 million, 
assuming the PCs are modulator-equipped. If hard-wired monitors 
were to be required for these systems, the unit price would increase 
by at least $100 to $300, a substantial fraction of the total price. 
The result could be a significant reduction in the size of the 
market although there were no data available at that time concerning 
the demand elasticity of the consumer computer market. 

Identification of Issues 

Constitutional Issxies 

The most apparent issue at this point stems from the constitutional 
rights of free speech and freedom of the press, as embodied in the FCC's rule 
regulating RF interference. In this case, the FCC is acting as the protector 
of the public interest by requiring that PCs, video games, and the like not 
interfere with commercial or other forms of broadcasting (CBs, ham radios, 
etc.). The direct effect of the refusal of Texas Instruments' petition served 
this end. 

Free Market Competition 

One indirect effect is that the FCC's position alters the nature of 
the competition in the marketplace. Texas Instruments has possibly become 
less competitive to the aforementioned and other manufacturers as a 
consequence of this decision. Nevertheless, the mangagement of Texas 
Instruments has apparently decided that their initial loss in competitiveness, 
if any, will be compensated by their earlier entry into the marketplace (i.e, 
earlier than they would have been able to enter had they gone through the 
modulator certification process). 

One can make an interesting contrast here between the apparent 
competitive strategies of Apple Computer, Inc. and Texas Instruments, Inc. 
Apple seems to have adopted the strategy of encouraging a diverse number of 
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technological entrepreneurs to produce hardware and software which is 
compatible with the basic Apple II system. This strategy appears to be quite 
successful so far and generally acts to encourage free competition in the 
industry (although it raises accompanying issues of protection of software 
copyright and development of uniform standards). Texas Instruments, on the 
other hand, emphasizes the use of read-only memories as the embodiment of the 
major portion of the applications software for their newly introduced system. 
This follows their prior strategy with programmable calculators. The user of 
the Texas Instruments* computer has relatively little "free" memory to use for 
his/her own programs or those developed by other than TI. The critical 
economic point here is that a read-only memory module, such as that required 
by tl, involves a much higher initial capital investment for its production 
than does software which is transf errable to magnetic cassette or disk. 
Hence, the architectural approach used by TI in the design of their computer 
embodies significant potential restrictions on competition for Tl-compatible 
accessories, particularly for small firms. To what extent is it in the 
national interest to encourage competition in this area? Should the Apple 
approach be given preferential policy treatment over the TI approach and, if 
so, by whom and by what means? 

[Note: the issue of competiton versus free market action, as typified 
by the case above, was not ultimately selected as a topic for detailed 
investigation in our research. Subsequent to the analysis given above 
slightly relaxed niles were allowed by the FCC. All personal computers sold 
today must comply with these rules.] 

The FCC also is actively encouraging increased competition in the 
information industry, primarily by disallowing restrictions by communications 
carriers on the use of their services. (Note: remarks of Dr. Jefrey A. 
Krause , Assistant Chief , Office of Plans and Policy, Federal Communications 
Commission before the Morgan Stanley Personal Computer Forum, New Orleans, LA, 
May 3, 1979.) A primary mechanism by which competition in other than the 
communications industry could be increased through FCC decisions relates to 
the use of personal computers as receivers or providers of information 
services over telecommunications networks. Here two FCC decisions related to 
technology could affect competition. The first would be the granting of FCC 
approval to one or more RF modulator devices which could be used effectively 
with a variety of low-priced personal computer and home television sets. The 
second would be a similar FCC approval of low-cost modems for interconnecting 
personal computers with each other and with larger computers through telephone 
lines (current costs to a personal computer user for a modem range from $150 
for a "dumb" device to almost $500 for a sophisticated system allowing 
automatic dial-up and answer). If these costs to the user could be reduced by 
an order of magnitude, significant incentives for telecommunications 
interconnect would develop. In both cases, the question is whether the FCC 
will take an active or passive role in encouraging, or even requiring, the 
production of such low-cost devices which would nevertheless meet national 
standards. Potential secondary effects of this action are discussed in Volume 
II. 

Stakeholders 

The immediate stakeholders in the RF interference case are, of course, 
the Federal Communications Commission and the prospective RF-interfered-with 
public it seeks to protect, Texas Instruments, Inc., distributors and 
retailers of PCs and modulators and other manufacturers of personal computers 
or of related RF modulators, both domestic and foreign. These stakeholders, 
with the possible exception of some small entrepreneurs and the general 
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public, are already aware of cheir interests* Stakeholders who are less 
directly affected (and are less aware) include the telecommunications 
industry, the Department of Commerce (Economic Development Administration, 
Bureau of Standards, Patent Office), Small Business Administration, Federal 
Trade Commission, state and local regulatory agencies (for example, the City 
of Los Angeles now requires that personal computers sold within its limits 
conform to FCC standards, where applicable, and be certified by Underwriter's 
Laboratories), The next level of indirect impact is, of course, those 
organizations and individuals affected in other ways by the use (or 
inaccessibility) of personal computers. 

Instrumentalities 

Figure 2-1 includes entries relevant to the RF interference issue* 
Most of these instrumentalities have been implicit in the previous discussion* 



5» Tools for Analysis 

Four primary methods were used to develop the information for the 
policy analysis stages described in the preceding sections* These were: 
search and analysis of the relevant literature, development of a series of 
scenarios of alternative futures, performance of two Delphi surveys and a 
cross-impact analysis based on these scenarios, and interviews and/ or surveys 
of the potentially affected stakeholders and decision-makers* 

Literature Evaluation 

Because of the variety of potential societal Impacts related to 
widespread use of personal computers, and because of the high rate of change 
of the underlying technologies, a major component of the project was the 
continual search and evaluation of relevant literature* This search involved 
analysis of the traditional books and journal articles written on economic, 
social, political, and technological factors, augmented by a continuing review 
of articles in the popular press and trade journals* 

Scenario Development 

A common and useful strategem for focusing the acquired background 
information is the development of a series of scenarios depicting the 
potential uses of the technology in question* Each scenario is written to 
depict a realistic scene or sequence of events centered about a major 
potential application of the technology* The fundamental objective of an 
individual scenario is to provide a basis for development of a 
multi- dimensional matrix showing the interrelationships between the 
technological factors, direct and indirect impacts* 

The immediate use of the scenarios developed dinring the research was 
to provide the basis for the questions asked in the subsequent Delphi surveys 
and actor/ stakeholder interviews* Each scenario used went through an 
evolutionary process in which it was modified and refined either to match most 
likely perceived trends or to clarify certain areas where there appeared to be 
high uncertainty in the potential course of events* The initial collections 
of scenarios were presented at each of the meetings of the Advisory Board, for 
example, so that the research team could gain the benefit of the advisors' 
experience in those areas in which they had special competence and expertise* 
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PERSONAL COMPUTERS and RF INTERFERENCE 
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Delphi Surveys and Cross Impact Analysis 

The Delphi technique is a method for obtaining a consensus of opinion 
from a panel of experts that avoids the "jury room" effect typical of 
face-to-face discussions. A panel of experts is presented with a 
questionnaire which asks them to respond, individually and preferably in 
quantitative terms, to a series of questions about which information is 
sought. The responses to this initial questionnaire are collated and results 
are fed back to the panelists. The panelists are than asked to review their 
previous estimates in the light of the distribution of responses of their 
colleagues. They are also asked to state their reasons for their estimates, 
particularly if these are near one or the other end of the distribution of 
panel responses. This process is repeated until .the spread of opinion among 
panelists is substantially reduced. The median of the last round of the 
estimates is accepted as the baseline forecast developed by the expert panel. 
These forecasts are -baseline" in the sense that they are based on "all other 
things being equal;" that is, they are the expected values anticipated. 

The anonymous debate generated in the Delphi techniqiie reduces the 
influence of psychological factors, such as specious persuasion, the 
unwillingness to abandon publicly expressed judgments, the bandwagon effects 
of majority opinion. The Delphi process has proved particuarly valuable ia 
capturing expert opinion about the nature and likelihood of future events and 
trends* 

Although, in our initial project plan, we estimated that three Delphi 
rounds would be required to develop the necessary convergence, we achieved 
that convergence after only two rounds, plus a "round 0" study which was 
confined to the project* s Mvisory Board. The content of these surveys and 
the results are described in Chapter 3. 

In long'-range planning it is necessary to take into account not only 
the effects of individual developments, but also the effects of the 
interactions among developments. Cross impact analysis is a systematic method 
for dealing with such interactions in long-range planning. In using the cross 
impact approach a planner, before deciding on a policy in an associated action 
program, first lists the most important potential future developments that are 
relevant. Such developments generally include both: 

A. Events (that is, technological break-throughs and new 
legislation), and 

B. Trends (for example, inflation, changes in demand for services, 
changes in spendable income). 

For each event, the planner obtains baseline forecasts of the probable time at 
which the event will occur and estimates of the effects which the event will 
have on each of the other developments when it occurs. This events and trends 
information was elicited from our panel of experts as a part of the Delphi 
analyses. The results of the cross impact analysis are also presented in 
Chapter 3. 

Interviews with Ac tors /Stakeholders 

A conspicuous characteristic of an assessment of a technology which is 
in its infancy is that there are no real "experts," that is individuals who 
have long experience in the subject field. This is particularly true in those 
areas outside the technology itself, where the impacts have yet to be felt or 
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its possibilities widely perceived. Consequently, the final technique used by 
the research team to augment the information gathered by the other methods 
just listed ^3 to conduct a series of telephone or face-to- face interviews 
with some of the primary actors and stakeholders identified by the other means 
listed above. The interviews were more closely akin to investigative 
reporting rather than the carefully structured approach more typical of 
well-controlled opinion research. Nevertheless, the interviews were of great 
utility in refining the course of the policy analyses and of the underlying 
Delphi and cross Impact matrix questionnaires. 

In 'one specific area, that of the potential effects on job 
displacement of personal computers, a more strxictured questionnaire was sent 
to a selected sample of personnel directors in major corporations throughout 
the United States. This questionnaire bad two primary objectives: to 
determine whether personnel directors in large organizations were concerned, 
or even thinking about, the effects of automation in information work, and to 
get estimates of the diversity of opinion concerning the probable effects of 
microcomputers on office work. The results of this questionnaire are reported 
In Chapter 5. 
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CHAPTER 3: 
IHPACTS 

The research team^s analysis of the possible patterns for future 
growth of personal computer technology and the developments of the personal 
computer market led to a series of questions concerning the details of this 
growth and of the probable direct and indirect impacts of these developments. 
The research team investigated che likelihood of a broad array of primary and 
secondary impacts of personal computer technology. The impact estimates were 
then used to develop corresponding estimates of their public policy 
implications . 

1* Issue Selection 

Two techniques were used to develop these impact estimates. First, 
inforaation on the primary demographic characteristics of U.S. society and on 
the likely paths of development of personal computer technology end markets 
were extrapolated generally to the end of the century. These extrapolations 
were used to develop a series of scenarios of possible future states of U.S. 
society which might result from the development of the technology. These 
general scenarios then divided a series of shorter scenarios dealing with 
specific, public-policy-related aspects of the development of personal 
computer technology. 

Shortly after the beginning of this period of impact analysis, the 
research team had categorized the potential impacts of personal computers into 
14 areas. These covered the effect of personal computers on: 

1- Job Displacement; changes in the nature or existence of employment, 

2. Privacy and Security, both individual and institutional, 

3. The rate of change of technological innovation, including changes in 
management and organizational technologies, 

4. The level of homogeniety or uniformity of societies using personal 
computers, 

5. Misuse and crime; intended (by perpetrators) and unintended 
consequences of computer errors, computer fraud, etc., 

r 

6. Class stratification; development of an "information elite'*, 
increasing educational and economic gaps between the elites and the 
information underprivileged (the '"haves" and the "have nots"), 

7. Education and cognition; this to include such issues as changes in 
the effectiveness of education, broad scale increases in educational 
quality, and effects on intuitive and, affective thought processes, 

8. Expansion of personal freedom and capability, including expanded 
choices ..of vocation and avocation, extensions to the physically 
handicapped , 

9. International trade, particularly impacts on the relative position of 
Che United States in the World market as a consequence of the manufacture 
and/ or use of personal computers. 



- 2^ 



3-2 



Impacts 



10. Standards for personal computers, vd.th emphasis on the desirability 
and consequences of development of various types of standards in a 
dynamically evolving technological market, 

11« Industrial organization, particularly impacts on the relative extent 
of competition vs. monopolistic practices, 

12. Consumer protection, particularly the relative merits of government 
aids to increasing consumer computer literacy and regulation of personal 
computer technology, 

13. Energy conservation, particularly the potential effects of the use 
of personal computers on the rate at which individual consumers and 
organizations would conserve energy, and 

14. H ealth; the potential impacts of personal computer technology on the 
methods and quality of health care. 

Note that this list is not in any order of priority. The impact areas 
were also examined in terms of any differences which might occur as the 
consequence of having widespread availability of network information services 
usable with pert oal computers. - 

It was soon clear that within the limited time available for 
performance of the assessment , not all of these impact areas could be analyzed 
in detail, consequently, a set of screetiing criteria was developed ia-order to 
reduce the number of impact areas to be investigated. These criteria were the 
following: 

1« The uniqueness of the impact and/ or policy issues vis-a-vis-personal 
computer technology; would the impact be unique to personal computers or 
would the impact of personal computer technology provide unique ^policy 
perspectives on impacts or issues deriving from other technologies? 

2. The magnitude of the impact; would the overall impact of the 

technology be significant? That is, would large numbers of people be 
affected or would the effect be economically, politically and/ or socially 
substantial, even if it were to involve a relatively small number of 
people? 

3. Existing public agency responsibility; are there identifiable 
public agencies which presently have, or may have, responsibility for the 
development and/ or implementation of policy concerning the impact , area? 

4. Potential agency Interest; furthermore, are the identified agencies 
at all likely to believe that they have an interest in the impact areas 
sufficient to pursue available policy options? 

5. Analytical tractabUlty; is it possible to get a reasonably 
accurate estimate of the extent or magnitute of the Impacts or 
consequences of public policy actions or are the Impacts and action 
consequences so diffused as to defy measurement by existing techniques? 

Through the use of the selection criteria, the research team was quickly able 
to reduce the list of impact areas from 14 to 7: workforce and employment, 
international trade, education, privacy, crime, standards, and consumer 
protection. 
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At this point, the research team engaged in a series of three Delphi 
Surveys. [A Delphi Survey is one in which a structured questionnaire covering 
events, trends, impacts, and policy options, is administered, usually by mail, 
to a group of experts in the areas covered in such a way that the experts do 
not meet face-to-face to debate.] The first survey was confined to the 
Advisory Board for the assessment. The second round went to a panel of 150 
experts, 64 of whom responded. We also asked the experts to "vote" on the 
relative viability of the issue areas, using the screening criteria. As a 
consequence of this round, and the distribution of expertise of the experts on 
the panel, we reduced the number of areas for detailed study during the 
remainder of the research project to three: education, ' employment , and 
international trade (see Section 4). In none of these areas is the 
introduction of personal computer technology likely to have entirely unique 
consequences; in all of them the analysis of the potential impacts of personal 
computers provides important perspectives on other technology related issues. 

2« Events and Trends 

One of the primary uses of the Delphi surveys was to provide balance 
to our independent analyses and to suggest potential impacts, trends, or areas 
of investigation which we might otherwise have overlooked. 

2« 1 Events 

The Delphi panel was asked to evaluate the earliest, most likely, and 
latest time (which might be never) of the occurrence of a number of potential 
events relevant to the growth in usage of personal computers. Table 3-1 lists 
the event statements and the short form used to refer to them* Table 3-2 
summarizes the panel *s opinions on the most likely time of occurrence of these 
events. The table indicates the mean value of the most likely time of 
occurrence. It can be seen from Table 3-2 that events can be grouped into 
near term (1980-84) intermediate term (1985-1990) and long term (beyond 1990 
or never). 

The following were deemed by the panel to be the most likely to occur 
in the near term^ that is, in the 1980-84 period: 

. 1. A number of new entrants into the PC market. These entrants 
included : 

- Large retail chains such as Sears or Wards or Federated 
Department Stores 

- Large mainframe manufacturers (e.g. IBM, Control Data) 

- Mon-computer manufactures (e.g. watch, appliance, copier, 
manufacturers) 

- Major foreign-based corporations marketing complete units under 
their own names. 

2. A commercial firm develops and successfully markets a low-cost 
computer based network information service specifically for PC*s 

3. In technology, a 32-bit address register is introduced for 
PC*s by one of the major PC producers 

4. Development of various ways of protecting PC software and 
programs. This may take the form of encryption or hardware or 
software other than ROM. 



TABLE 3-1 
INITIAL LIST OF EVEffTS 



Sears.: Sears, Macy's Ward's enter PC merket. 

13!i} IBM, Control Data, Sperry Rarid-size company enters the PC 
market. 

IJMO: Major U.S. company not in computer manufacture (e.g., Timex, 
West inghouse, Maytag, Xerox) enters PC market. 

JAPAN: Japanese (or Europeans) enter the PC market in United States 
(as major competitor?) 

gP Cr^gg: A CB-like craze for computer entertainment occurs. 

. ^'S: Commercial firm develops and successfully markets a low-cost 
computer-based network information service for PCs. 

PC Viewdata? Establishment of national commercial information 
retrieval network for PCs such as Viewdata. - • . ^ 

PC Poll inq: Establishment of a network of PCs in a community or 

region capable of polling voters. 

AT&T: Revision of 193^ Communication Act is passed to permit AT&T 
to compete in information services industry. 

32-bit PC: A 32-blt address register is introduced for" PCs by one 
of the top k PC producers. 



$50 flat screen: Commer icial ization of a low cost ( $50 to produce) 
flat screen for TV. 

Dynabook: OynaBook-size and capability PC is introduced. 

PC Regis tration: Passage of law requiringreglstry of PC ownership 
just as FCC requires registration of CB radios. 

PIrateless software ; Development of software or hardware other than 
ROM to make PC software effectively pi rate-resistant. ~' 

Institutional Software protection; Establishment of measures 
iinstitutional , organizational, or contractual) that effectively 
make PC software resistant. 

Encryption for PCs; First commercialization of •'break- proof" 
encryption module for PCs. 

Privacy Act applies to PC's: Enactment of Federal legislation that 
makes home PCs subject to Privacy Act of 1974. 
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TABLE 3-1 Cont'd 
INITIAL LIST OF EVENTS 



18* Subsidy for low-inconie PC use ; Establishment of direct government 
subsidy for PC access for low income people (e.g., through libraries, 
churches or other public centers). 

19- Courseware development : Initial marketing of PC courseware for 

elementary school Instruction by major publisher or computer industry 
firm. 

20, Home monitoring ; At least 50% of all homes built in a year for 

$100,000 or more (1978 prices) include a dedicated PC for complete^ 
monitoring. 

21* IRS requires Computer reports ; IRS requires that Income taxes for all 
businesses with at least $1 million (1979 dollars annual sales be 
submitted tn machine* readable form. 

22 . 10 Fortune 500's use PC's to substitute for travel : Ch ron i c gas.o 1 i ne_ 
shortages cause at least 10 of Fortune 500 companies to set up local 
work centers using PCs and telecommunlcastions for information 
transfer. 
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TABLE 3-2 
DELPHI PANELISTS' FORECASTS 
OF 

MOST LIKELY TIME OF OCCURRENCE OF EVENTS 



81-84 



85-90 



+90 



Never 



K Sears 


1 a! 








2. IBH 


• 








3. TIMEX 


• 








k. JAPAN 


• 








5- CB Craze 




m 






6. PC NIS 










7. PC Viewdata 




IJU 






8. PC Polling 




• 






9. AT&T 




• 






10. 32-bit PC 


• 








11. $50. flat screen 




rn 






12. Dynabook 




• 






13. PC Registration 








• 


U. PI rate less software 


< — 


— > 






15- Insi tutfonal Software protection 




• 






16. Encryption for PC's 


• 








17. Privacy Act applies to PC*s 






• 




18. Subsidy for Low- income PC use 




• 






19. Courseware development 










20. Home monitoring 




(3 






21. IRS requires Computer reports 






• 




22. 10 Fortune 500 's use PC's 
to substitute for travel 




• 







Major impact on home market when event occurs 



ERIC 
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5. In education, the initial marketing of PC courseware for 
elementary school instruction by a major publisher or computer 
industry firm. 

The intermediate term (1985-90) was presented to be the most likely 
for the occurrence of the following: 

1% A CB-like craze for computer entertainment 

2. Additio^l network information services such as: 

- national commercial information retrieval network for PC's 
equivalent to Viewdata 

a network of PC's in a community or region capable of polling 

voters 

3. Technological developments would include a low cost (less than 
$50 to produce) flat screen for information display and a Dynabook 
size and capability for PC's 

4. Establishment of institutional, organizational, and 
contractual measures to protect software 

5. Establishment of direct government subsidy for PC access for 
low income people (e.g., through libraries, churches, and other 
public centers). 

6. At least 50% of all homes bxiilt in a year for $100,000 or more 
(1978 dollars) include a dedicated PC for complete monitoring. 

7. Chronic gasoline shortages cause at least 10 of the Fortune 
500 companies to set up local work centers using PC's and 
telecommunications for information transfer 

In fact, some of the events had already occtirred while the 
questionnaires were being completed, others shortly after. For example, 

- Sears has begun marketing the ATARI computer system 

- IBM is offering its 5120 system as a relatively high-priced 
competitor in the small business market. This computer fits within 
the definition of personal computers used in this project. 

- Mattell toys is offering units that are more than game units 
(Intellivision) and is promising BASIC shortly^r 

- Nippon Electric shomd various complete personal computer 
units at the 1980 National computer Conference in Anaheim, CA. 
However, they were noncommittal as to when or whether these units 
would be introduced in the United States. 



- Tandy Corporation announced a new unit, called Videotex, at 
the beginning of June 1980. This unit, to be sold at $400 to the 
commercial market initially, (and anticipated by Tandy to be sold at 
$200 to consumers later if successful) has a full keyboard and 
permits inquiry of network information services. It is a successor 
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CO Green Thumb (see below). Compuserve, a Columbus Ohio based 
time-sharing service simultaneously announced that it would offer 
dial-up access to its data bases via sales made through Tandy's 
Eladio Shack outlets. The Eladio Shack stores would act as sales 
agents for Micronet, the existing PC network information system 
currently operated by Compuserve. 

- Encryption software for PC's (meeting NBS standards) appears 
to be available, although not widely used at this time. 

- Although some software has been supplied by Tandy for the 
TRS-80's sold to school districts, the number of units sold thus far 
is quite small and little specialized software seems to be 
available. 

The panel believed the following events were most likely 
to occur in the 1985-90 period: 

1. A CB-like craze for computer entertainment 

2. Additional network information services such as: 

- a national commercial information retrieval network for PC's 
equivalent to Viewdata 

- a network of .PC*s in a community or region capable of polling 
voters. 



3. Technological developments believed five or more years away 
were a low cost ($ less than $50 to produce) flat screen for 
information display and a Dynabook size and capability for PC*s 

4. Protection of software by institutional, organizational and 
contractual means. 



5. Establishment of direct government subsidy for PC access for 
low income people (e.g., through libraries, churches, and other 
public centers) 

• 6. PC*s for complete monitoring would be included in more than 
half the homes bult each year for $100,000 or more (in 1978 
dollars). 

7. At least 10 of the Fortune 500 companies would set up local 
work centers using PC telecommunications for information transfer. 
These changes would be one way of coping with chronic gasoline 
shortages. 

Examining the mid term developments, one sees that some (e.g., 
network information services and software protection) are extensions of 
near-term developments. Others (e.g., the technological developments and home 
monitoring) seem to require more time to gestate but are evolutionary. Two of 
the developments are relatively major departures: government subsidies and 
communications substitution for transportation. However, even for these 
developments there are precursors. 

Project Green Thumb, alluded to above, is an example of government 
subsidy to bring information to specific societal groups. In this project. 
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sponsored by the Department of Agriculture at the University of Kentucky, 200 
farmers in two counties in Kentucky were given simple chip-based keyboards 
which they could use to obtain Viewdata-type information. The Green Thumb box 
looks like a standard touchtone telephone augmented by four functions. The 
user first decides from a printed menu what information is desired (the most 
popular seems to be weather and market price data). He dials the central 
computer, obtains a dial tone, punches in the menu items for up to 16 pages (a 
"page** is one TV screenful), and then hangs up. The information requested is 
sent to his Green Thumb box which stores it and displays it in sequence on his 
home television screen. This system is intriguing both as a rudimentary form 
of Videotex (cf. Vol II) at the PC level and as a form of government subsidy 
for special groups. In the case of the panel forecast, the concept is to 
provide PC access to those who cannot otherwise afford it so that the U.S. 
does not create a class of informatiuon-poor individuals. 

The substitution of communications for transportation 
("telecommuting") has been discussed in the literature since the early 1960 *s. 
Two major studies of possibilities were sponsored by NSF during the 1970 's, 
one at the University of Southern California and the other at SRI 
International. The University of Southern California study of telecommuting 
included, among other things, a case study of a major insurance firm that 
showd that such substitution were economically advantageous to both the 
company and its employees. There are currently a few scattered working 
examples of such substitutions. Thus, its introduction by large firms as a 
regular mode of operation is certainly within the reasonable range of 
expectations for the 1985-90 period. 

Three of the events in the Delphi inquiry were judged to be most 
likely to occur beyond 1990 or never. In all three cases, there were many 
panelists who believed that there was no probability at all of these events 
occurring. The events were: 

1. A requirement to register personal computers, just as CB's are 
registered 

2. Enactment of Federal legislation that would make home PC's 
subject to the Privacy Act of 1974. 

3. Imposition of a requirement of the Internal Revenue Service 
that income tax returns for all businesses with at least $1 million 
(1978 dollars) annual sales be submitted in machine readable form. 

Of these, the registration concept was expected never to occur. A 
corollary question to event occurrence is event impact. The occurrence of an 
event may be interesting, but if it has little or no side effect, there may be 
few or no policy implications. The Delphi panel was therefore asked to assess 
impacts of events on one another, on the various PC markets, and on general 
societal issues. In terms of policy planning, it is the combination of timing 
of events and size that are Important. 

Table 3-3 shows the estimated effects of each event on the four 
segments of the PC market if the event occurs. 

For convenience of analysis the panelists responses were converted 
to numeric values from 1 to 7 as shown in Table 3-3. Thus the lower the score 
the more positive the effect, the higher the score the more negative the 
effect. The values shown in Table 3-3 ara the median responses of the panel. 

The following near-term events were judged, using the panel 
results, to have significant (average between medium and high) positive 
effects : 
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TABLE 3-3 

EXPECTED EFFECTS OF EVENTS ON PERSONAL COMPUTER MARKETS IF THEY OCCUR 



EVENT 


Home 1 


Small 
3us iness 


Large 
Business 


Educati 


1 . 


SEARS 


rrn 


2.3 


3.7 


2.5 


2. 


IBM 


2.8 


rm 


rm 


2.3 


3- 


TIMEX 


2.1 


2.8 


3.0 


2.6 


4. 


JAPAN 


2.0 


2.2 


2.7 


3.* 


5. 


CB CRAZE 




3.0 


3.6 


2.6 


6. 


PC NETWORK INFORMATION SYSTEM 




1 Ir? 1 


2.7 


2.2 


7. 


PC VIEWDATA 


1 i.6l 


2.1 


2.7 


2.2 


8. 


PC POLLING 


2.7 


3-5 


3.5 


3.3 


9- 


ATST 


2.3 


2.k 


2.1* 


2.7 


10. 


32-BIT PC 


2.8 


2.0 


2.0 


2.3 


1 1 . 


$50 FLAT SCREEN 




2.2 


2.6 




12. 


DYNABOOK 




2.1 


2.i» 


ri.51 


13. 


REGISTRATION OF PC's 


^,3 


k.O 


k.O 


k.2 


\k. 


PIRATELESS SOFTWARE 


3, 1 


2.8 


3.0 


0 

J . u 


15. 


INSTITUTIONAL SOFTWARE PROTECTION 


1.0 


2 7 






16. 


ENCRYPT hON FOR PC's 


2.9 


2.6 


2.6 


2.8 


17. 


PRIVACY ACT APPLIES TO Pf^^ 


3-9 


3-5 


3.^ 


3.6 


13. 


SUBSIDY FOR LOW- INCOME PC USE 


2.6 


3.2 


3.^ 


2.4 


19. 


COURSEWARE DEVELOPMENT 




3.^ 


3.5 




20. 


HOME MONITORING 


nzB 


3.3 


3.6 


3-5 


21. 


IRS REQUIRES COMPUTER REPORTS 


3.5 


rrsi 


2.7 


3.6 


22. 


10 FORTUNE 500 's USE PCs TO 


2.6 


2.6 




3.3 




SUBSTITUTE FOR TRAVEL 








a- 


SIGNIFICANT POSITIVE EFFECT 












MAGNITUDE OF EFFECT 


SCALE 








1 


"High Positive 


5 


** Low Negative 




2 


" Medium Posit[ive 


6 


" Medium Negative 




3 


■ Low Positive 


7 


" High Negative 





k ' No Effect 
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Rome Market: 

1. Entry of a national retailer 

Zm Low-coat computer based network Information system 
3. Initial marketing of PC courseware for elementary school 
Instruction 

Saall Basiaess: 

1. Mainframe entry In the market 

2. Low cost computer based network information system 
Large Business: 

1. Mainframe manufacturer entry into the market 
Sducatloa : 

1. Initial marketing of PC courseware for elementary schools. 

In the intermediate 1985-90 period, the following events would have 
significant positive effects: 

Hoae Market: 

- a CB-like craze for PC entertainment 

- a PC equivalent of Viewdata 

- Technical developments such as the $50 flat screen and Dynabook 
- Inclusion of PC's for monitoring in new house 

It was intriguing to the technology assessment team that the 
panelists, with only one exception (registration of PC's), on balance forecast 
positive effects from each of the events listed. We therefore examined the 
detailed data distributions to see Aether the results appeared consistent. 
Our subjective conclusion is that they do. For example, in the case of a 
CB-llkc craze for personal computer entertainment the major effect is on the 
home market (Table 3-4). The values for small business indicate a small 
sentiment for some spillover into this market. For the business market, the 
panel strongly sees no effect tAereas for the education market, there is a 
division of opinion with a few feeling that this event would inhibit rather 
than encourage educational adoption. 

In the case of registration of PC's (Table 3-4) as a crime 
prevention measure, the responses balanced were clustered closely to the no 
effect point. In the case of each market, there were individuals rfio felt 
that registration would enhance the market by making PC's more secure against 
theft while others felt this policy would deter purchase. The predominant 
response in all four markets was that of no effect. 

Examination of the other events both in summary and in detail on 
individual questionnaires also indicates consistency of the results. We can 
find no evidence of panelists mistakingly marking positive effects when they 
intended negative ones. The conclusion we draw is that our panelists tend to 
judge effects broadly and perhaps enthusiastically, thereby resulting in very 
positive average values'. However, by discounting these numeric results and 
only assigning significance to averages. of less than two, we believe we have 
compensated for panel enthusiasm. 
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Distribution of Responses For Market impacts of Two Events 
Event 5: CB-like Craze for Personal Computers 



MARKET 



SIZE 
OF 

RESPONSE 


HOME 


Smal 1 
BUSINESS 


BUSINESS 


EDUCATION 


H 


I 


21 


2 


1 


6 


■ M 


2 


2 


5 


1 


9 


L 


3 


2 


9 


6 


3 


0 


1* 




9 


16 


6 


-L 


5 








1 


-M 


6 








1 


-H 


7 










Mean 




1.2 


3.0 


3.6 


2.6 



Event 13: Registration of PC's 



MARKET 



SIZE 










OF 




Small 


Large 




RESPONSE 


HOME 


BUSINESS 


BUSINESS 


EDUCATION 


H 


1 


1 








M 


2 


2 


1 


1 


1 


L 


3 


3 


5 


6 


it 


0 


1* 


3 


13 


14 


12 


-L 




5 


7 




'6 


-M 


6 


5 




1 


1 


-H 


7 


1 






1 


Mean 


4. if 


4.0 


4.0 


4.2 
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The Delphi panel also considered the effects of events occurrences 
on four market segments: 

« 

- the house 

- small business 

- large business 

- education 

Panelists were asked to indicate whether effects would be high, medium, 
low, or none. The following near-term events were judged, using the panel 
results, to have aignif leant (average between medium and high) positive 
effects. 

Hoae Harket 

U Entry of a national retailer 

2« Low-cost computer based network Information system 

3« Initial marketing of PC courseware for elementary school 
information 

Saall Boslness 

!• Mainframe manufacturer entry in the market 

2« Low cost computer based network information system 

Large Boalness 

!• Mainframe manufacturer entry into the market 
Education 

1« Initial marketing of PC courseware for elementary schools 

In the intermediate 1985-90 period, the following events would 
have significant positive effects: 

Hone Markat: 

- a CB-like craze for PC entertainment 

- a PC equivalent of Viewdata 

- Technical developments such as the $50 flat screen and Dynabook 

- Inclusion of PC*s for monitoring in new houses 
Educaclon: 

The flat screen and dynabook capabilities 
2.2 Trends 
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Wtiereas events are one-time or repeating occurrences, trends 
represent continuous, ongoing processes. Typical familiar examples of trends 
are population growth, the number of people employed, and gross national 
product* Although most trends tend to fluctuate, smoothed curves through the 
data indicate the general direction and magnitude of changes. In the Delphi 
study, inquiries about a number of trends were included that dealt with the 
market for personal computer hardware and software, the associated costs, and 
types and extent of applications of personal computers. 

Mar ke t Fo r ecas t s 

Table 3-*5 siunmarizes the forecasts of marlcet trends for both 
hardware and software. The panelists were asked to estimate the annual sales, 
in number of units, for the total PC market, small business, large business, 
and education. For both types of business users, the market estimates were 
further divided into units costing less than $5,000 (in 1979 dollars) and more 
than $5,000. The ''home and other uses** category reported in Table 3-5 was 
obtained by subtracting the market segment estimates from the estimates of the 
total number of units. 

Forecasts of annual sales are presented In Table 3*5 in terms of 
the number of units sold in 1978, 1985, and in 1990. The results show an 
average annual gro%7th rate of 32. 3Z between 1978 and 1985 and 26. 6Z between 
1985 and 1990 for the total market. That is slightly faster growth in the 
early period and slower growth in the latter period. However, the growth 
rates differ by segment. These differences in growth may be due, in part, to 
the anticipated decline in computing costs. The capabilities of the Apple II 
computer were used as a reference standard for cost comparison. The costs of 
obtaining the capabilities of the basic unit were estimated to be halved by 
1985 (from $1200 to $590), and halved again (to $300) by 1990. This decline 
in cost for equivalent capabilities is reflected in the slower growth in PC 
sales above $5,000, compared to those below $5,000, for both large and small 
business users in the 1985-90 period. Furthermore, the data imply that 
acceptance of PC's will be more rapid in the business community than in other 
segments. 

The growth rate in the educational sector will be quite slow, 
according to the panelists. Actual 1978 sales to education are known to be 
small (of the order of several thousand) but are not known exactly. However, 
after an initial surge in the early 1980 's, the educational market is 
forecast to be essentially flat during the 1985-1990 period. Furthermore, the 
educational segment appears to be quite small, with sales of only 60,000 units 
by 1990. These data support the point of view (in Section 4.1) that the 
educational market will not have significant growth. Note: the estimates for 
the educational market refer to units bought by school systems, not the use of 
PC's by individuals or noneducational organizations for educational 
applications. 

The estimates of PC sales by the Delphi panel are compared in Table 
3-6 with the high and low estimates made independently by the USC Project 
Team. The Delphi panel estimates fall between these high and low estimates. 
Since most of the purchases occur in the later years, the number of repeat 
purchasers should be small relative to the total and hence should not affect 
the conclusion. 

The software estimates in Table 3-5 are in constant (1979) dollars. 
Since software costs do not correlate with machine cost, small and large 
business users are aggregated. Dealing with dollar costs requires some care, 
even when inflation factors are removed because of the increases in 



HARDWARE 




1978 


1985 


1990 


Software 


1978 


1985 


1990 


Price of Apple i 1 




$1200 


$590 


$300 




No. of Units sold (Annua 


1) 














Total 




225K 


I.6H 


5.2H 










Small Business 
<$5000 

Small Business 
>$5000 




30K 
I5K 


290K 
75K 


• H 

I30K 


lAI 1 
.Small 
Business 


$2H 


$26h 


$97. 5M 


Large Business 
<<$5000 

Large Business 
>$5000 




25K 
I5K 


220K 
IQOK 


570K 
200K 


/All 

VLarge 

(Business 


$IH 


$19. 'iH 


$98. 3H 


Educat ion 




several K. 


50K 


60K 




$50K 


$5.2H 


$20. 5H 


Home and other uses 


I^OK 


850K 


3.2H 




$IH 


$2IH 


$I05H 


Software Cost Index 




1 


0.8 




to. Who can Program in 


U. 


S. 5H 


I0.3H 


2I.1|H 




5M 


I0.3M 


21. 'iH 


No. of Retail Outlets 


in 


U.S. 8200 


I8K 


1|IK 





H- mi 1 1 ions 
K** thousands 

All dollar values in 1979 dollars 
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TABLE 3-6 

COMPARISON OF DELPHI PANELISTS MARKET 
ESTIMATES WITH USC HIGH AND LOW ESTIMATES 



Annual 
Units Sold (OOO's) 



Cumulative 
Units Sold (OOO's) 



USC HIGh 




1978 


1985 


1990 


1985 


1990 


\ 










CONSUMER 


170 


3.050 


8,803 


7,610 


39,083 




EDUCATION 


15 


250 


538 


. 650 


2,875 




OFFICE 


ko 


788 




1 ,86? 


11.848 




TOTAL 


225 


4,088 


12,800 


10,225 


55,800 


DELPHI P 


ANEL 






225 


] .600 


5,200 


5.800 


23,000 


USC LOW 






CONSUMER 


125 


882 


2,'»2'» 


3,070 


1 1 ,092 




EDUCATION 


15 


7A 


150 


304 


886 




OFFICE 






604 


1.58? 


4.04] 




rOTAL 


225 


1,306 


3,178 


4,961 


15,999 
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productivity to be anticipated for software. Specifically, the panel was 
asked to estimate the cost of a quality payroll program that cost $500 in 1978 
as a surrogate for estimating software costs. The estimates of $400 in 1985 
and $200 in 1990 imply that, to a first approximation, a software cost index 
should be defined. That is, software costs are 0.9 in 1985 ^nd 0.4 in 1990, 
as compared with 1.0 in 1978. The annual growth rates in dollar value of 
software sales for the 1985-1990 period, based on Table 3-5, are in the 30 to 
40Z range and are greater than the growth -rate for the number of units* In 
particular, the education market appears, despite its relatively small sales 
in number of units to be a significant potential user of software (See Section 
4.1). 

Although software sales have high growth rates, these growth rates 
really reflect the growth in the number of units sold. Table 3-7 shows the 
number of dollars spent per unit sold. The data show relatively small 
expenditures for sof tware/unit. It is probably reasonable to assume that most 
software (with the exception of entertainment software) is bought with the 
unit or shortly after its acquisition and therefore appropriate to attribute 
software sales to new unit sales. 

Although the absolute dollar values of software sales may seem 
small from the point of view of software vendors, the data make more sense if 
the productivity increases 2:iticipated are taken into account. Table 3-7 also 
show -1978 equivalent costs The numbers on these columns of the tables 
were obtained by dividing the actual dollar sales by the productivity 
increases. Thus, for example, an $86 expenditure by a small business in 1990 
buys the equivalent of $215 in" 1978 software. A second factor that needs to 
be taken into account in interpreting the data is that software becomes more 
significant relative to the cost of the computer. 

It is possible, using the data, to speculate that new simplified 
progrananing languages for PC's will come into being and into general use, and 
that these languages will be furnished as part of the initial unit sales. The 
trend to simplified languages is already in evidence in some of the financial 
planning languages that are available for large mainframes. 

For example, in IFPS (the Interactive Financial Planning System 
marketed by Execucoma of Austin, Tex.), instructions are written in natural 
language form. For example. Table 3-8 shows a typical transaction using this 
software. This simple program generates a 5-year forecast based on current 
valms and assumed growth rates of lOZ in market and 7Z in selling price. 
Built in functions compute net present value. The important point is not the 
specifics of this particular language or program; rather it is the idea that 
easy to use languages, even simpler than this one, will be developed and 
possibly given away^wlth the computer as a way of inducing purchases. 
Incidentally, the experience of one of the team members indicates that people 
without prograiBtting experience and with no computer skills can be trained to 
write complex models in IFPS with oxily two hours of training. 

The alternative hypothesis that computer programming skills will 
disseminate at a rate sufficient to sustain the market is not supported by the 
data. With 5.4 million people in the U.S. estimated to be able to program in 
some computer language, in 1978, less than lOZ had actually bought PC's. The 
estimate for the number v*io can program increases to 21.4 million in 1990. 
With cumulative sales of 23 million forecast by that time, the ratio of 
machines to programmers becomes greater than one. It appears highly unlikely 
that such a ratio can be achieved without major changes in educational 
activities, computer languages, and available "canned- programs for PCs. 

The Personal Computer Distribution Network 
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TABLE 3-7 
DOLURS SPENT OF SOFTWARE/UNIT SOLD 



USER 




DOLLAR VALUE 




1978 COST EQUIVALENT 




1978 


1985 


1990 


1985 1990 


SMALL BUSINESS 


kk 


71 


86 


89 215 


URGE BUSINESS 


25 


61 


127 


76 317 


EDUCATION 




104 


3^*0 


130 850 


HOME 


7 


25 


33 


9 82 



(INDEX) 



(.8) 
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TABLE 3- a 

List 

MODEL MODEL 1 Version of 06-17-80 23:15 

1 Columns ISSl, 1982, 1983, 198*. 1985 

2 TOTAL MARKET - 100000. PREVIOUS TOTAL MARKET* 1.10 

3 MARKET SHARE- .25 

k MARKET « TOTAL MARKET*MARKET SHARE 

5 SALES-MARKET-^UNt-T SELLING PRICE 

6 UNIT SELLING PRICE - 10.50. PREVIOUS UNIT SELLING PRICE* 1.07 

7 CONTRIBUTION TO PKOftT •0.20* SALES 

8 IMVESTMEMT-5O000.50O0O.250OO.0.0 

9 PRESENT VALUE-NPVC (CONTRIBUTION TO PROFIT,. 25, INVESTMENT) 
END OF MODEL 

7 SOLVE 

MODEL MODELl VERSION OF 06/17/80 23:15 ~ 5 columns 8 variables 
ENTER SOLVE OPTIONS 
7 ALL 



1981 

TOTAL 51ARKET 100000 

MARKET SHARE .2500 

MARKET 25000 

SALES 262500 

UNIT SELLING PRICE 10.50 

CONTRIBUTION TO PROFIT 52500 

INVESTMENT 500OO 

PRESENT VALUE -8000 



ENTER SOLVE OPTIONS 



1982 


1983 


1984 


1985 


110000 


121000 


133100 


146410 


.2500 


.2500 


.2500 


.2500 


27500 


30250 


33275 


36603 


308963 


363649 


428015 


503773 


11.24 


12.02 


12.86 


13.76 


61793 


72730 


85603 


100755 


50000 


25000 


0 


0 


-8453 


12785 


47848 


80863 
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The 1979 estimate for the number of retail outlets for PC's was 
8200. This number includes the over 7000 Radio Shack stores that market the 
TRS-80 series as well as 1000 independent computer stores, and 200 others, 
such as department stores. As a first approximation, it can be assumed that 
home and small business users would deal primarily with retailers while large 
business and education users would deal with wholesalers or directly with 
manufacturers. Even in the present market this dichotomy is not exactly true; 
however it will serve to indicate the over-all direction in which things are 
moving. We assume, for purposes of illustration, that the $1200 Apple II is 
the average unit sold* This point can be argued, but the Apple II serves as a 
reference for the decline in PC mainframe prices. Based on the number of 
units sold to consumers and businesses, the number of retail dealers, and the 
dollar cost per unit, it is possible to compute: 

the average number of units sold {)er dealer 
- the average annual dollar sales of mainframes per dealer. 

As can be seen from the results in Table 3-9, although the average number 
of units goes up from 24 to 102, the decrease in unit price from $1200 to $300 
results in a relatively stable income from mainframes for the dealers. The 
growth in income (and hence in profitability) will have to come from the sale 
of peripherals (printers, modems, storage, etc.). The growth of the software 
market has already been discussed; the trends in peripheral costs are 
discussed later in the chapter. 

Related Trends 

The Delphi panel provided forecasts for a number of trends that 
relate to the personal computer business. These trend values are given in 
Table 3-10. Several of these trends relate to the detailed studies undertaken 
as part of this assessment, while others deal with costs that will be affected 
by technological growth. 

The panel forecasts a growth to 300,000 of the total number of new 
jobs to be created by the personal computer industry (implying an industry 
with $6 billion in annual sales). These Jobs include both thos^ within the 
industry (manufacture, sales, maintenance, software) as well as those in 
industries created by PC's (consumer-oriented software, -maintenance services, 
information services, accessories). The PC was also forecast to become a 
major item in international trade. By 1985, 510,000 units are expected to be 
exported and 190,000 imported. Assuming a conservative $500 average wholesale 
price per unit, this would imply a net contribution of $160 million to the 
balance of trade. By 1990 however, while the volume of exports is expected to 
increase to 1.1 million units the volume of Imports increases much more 
rapidly to 970,000. Thus, while the balance of trade would be favorable, the 
net difference of 130,000 units at a conservative wholesale price of $250 
(based on decreasing cost of Apple II capability) would contribute only $32 
million to the nation's balance of trade (see Section 4.3 for a discussion of 
our independent estimates). 

The panel was also asked to forecast the trends in costs for three 
PC peripherals: secondary storage, displays, and modems. The survey of 
current users indicates that many PC buyers intend to upgrade their mainframes 
rather than replace peripherals. 

The research team felt that there was likely to be a correlation 
between the diffusion of personal computer technology and sales of interactive 
network information services. Table 3-11 indicates the panelists' opinions 
concerning the growth of interactive network information services. Large 



TABLE 3-3 
THE PC DISTRIBUTION NETWORK 





1978 


1985 


1990 


No. of Units Sold to Home 
and Sffla]] Business Users 


200K 


1.I4H 


4.2M 


No. of Retai ] Dealers 


8,200 


18,000 


41,000 


No. of Units/Dealer 




63.3 


102.4 


Averaget $/unIc 


1,200 


590 


300 


Aver'^Sj^/AArtUa 1 U6iliV Sales 

of Mainframes/Dealer 


$29,200 


$37,300 


$30,700 



TABLE 3-10 
TRENDS IN THE PERSONAL COHPUTER BUSINESS 



TREND 


1978 


1985 


1990 


Net No. of New Jobs 
Created by PC's 


lOK 


50K 


300K 


PC Exports (Units) 


20 K 


510K 


I.IM 


PC Imports (Units) 


0 


I90K 


970K 


Cost of t Megabyte 
of Storage (Dollars) 


15K 


4,400 


940 


Cost of 512x512 „; 
Eloment Display (Dollars)' 


lOK 


2,500 


750 


Cost of Modem For 
PC's (Dollars) 


150 


75 


25 



ALL DOLLAR VALUES IN CONSTANT 1978 DOLLARS 



TABLE 3-11 



INTERACTIVE NETWORK INFORMATION SERVICE SALES 
(Millions of Dollars) 



1978 1985 1990 



Small Business I g 16 

Large Business 10 75 tOO 

Education ,5 9 . 20 

Home - 10 50 



Numbers denote annual sales In millions of dollars 
'includes Plato and similar systems 



ERIC 



50 



Impacts 



3-23 



businesses are seen as the major purchasers of such services, although the 
panelists expect to see a fairly rapid increase in home network information 
service sales toward the end of the decade. Table 3-12 shows the panelists' 
forecasts of the acceptance of three specific network related services: 
telecommuting, electronic mail, and home health monitoring (presumably network 
connected for emergency situations). 

It is also interesting to note the trends in the panelists' 
thinking between Round 1 and Round 2 of the Delphi Study. Table 3-13 shows 
the changes in forecasts between these two rounds for the tiine trends which 
showed significant changes between Rounds. For some of the trends such as the 
effects of PC's on new job creation, the panelists became decidedly more 
conservative.' For others, such as the number of PC's used in elementary and 
secondary education and annual dollar sales of software to large businesses, 
the panelists became more expansive. All of the events and trend related data 
reported elsewhere in this are based on the second round results. 

3* Cross-Impact Analysis 

The forecasts from the Delphi panel represent expected values. 
That is, they are based on "all other things being equal". However, all other 
things are rarely equal in real life* An event either occurs or does not 
occur. If it occurs, it happens at a particular time. When an event occurs, 
it can affect the probability for other events occurring and it can result in 
changes in trend values. For example, the Delphi panel indicated that if 
Sears were to enter the market, this event would increase the probability of 
both IBM and Japan entering the market (presumably by increasing the size of 
the market channel substantially). Furthermore, occurrence of this event 
would make a CB-like craze for personal computers more likely and would also 
lead to a significant increase in the trend values for annual sales to the 
home market. Note that by inference, if the event is highly likely (as the 
Sears market entry was) the non-occurrence of the event should have an inverse 
effect on these probabilities and trend value. 

Cross-impact anal3rsis provides a systematic way of taking these 
interactions into account. For each event, the Delphi panelists were given a 
list of potential events and trends that might be affected if the event 
occurred. For each such interaction, a possible direction of change, increase 
or decrease, was indicated. The panelists were asked to agree or disagree 
with the potential Impact and with its direction. They were also asked to add 
other events and trends that would be affected if the event occurred. These 
relatively open-ended questions were in addition to the questions on the 
effect on the sales in various market segments (home, small business, large 
business, educational) described in Table 3-3. The data in Table 3-3 reflect 
cross-impacts on market trends. 

Table 3-14. summarizes the additional cross-impact information that 
was obtained. In this matrix, each event is shown as both a row and a column. 
The abbreviations are those which were used in Table 3-3, the event set of the 
Delphi inquiry. Two events and a trend were identified as interacting with 
the event set. These were: 



Event XI Development of natural language software 
Event X2 Occurrence of a depression 
Trend X3 Increasing level of PC crime 



The + and - in Table 3-14 should be read in the following way: 
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TABLE 3-12 
APPL I CAT I ONS OF PERSONAL COMPUTERS 



1978 1985 1990 

No of Wbrkers Who Use 
Personal Computers to 
Reduce or ETtmfnate the 

Conmute to Work — 0.5M l.OM 

No. of Homes That Can 

Be Reached Via Electronic 

Hail — 1.5M 6.8M 

No. of Homes Using PC's 

For Health Monitoring — 50K 300K 

M- Millions 
K« Thousands 
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TABLE 3-»3 

SUMMARY OF CHANGES IN FORECASTS FROM ROUND I to ROUND 2 



TREND NO. TREND DEFINITION 



YEAR 



1st ROUND 
VALUE 



2nd ROUND 
VALUE 



9 
10 

n 

12 

20 
22 
23 



No. of PC's Used in 1985 lOOK 

Elementary and Secondary 

Education 

New Jobs Created by PC's 1985 2001; 

No. of Homes Reached 1985 4.5M 

Directly by Electronic 1990 lOM 
Mail 

Percent of First Class 1990 20^ 
Mail Sent Via PC's 

No. of Homes Using PC's 1985 500K 

For Health Monitoring 1990 500K 

No. of PC's EXPORTED 1985 750K 

by U.S. 

No. of Retail Outlets 1990 30K 

For PC's 

Annual Dollar Sales of 1990 50H 

Software to Snail Business 

Annual Dollar Sales of 1990 30M 

Software to Large Business 



200K 



50K 

1.5M 
6.8m 



12.53; 

55K 
330K 

510K 
41K 
97. 5M 
98. 3M 



K" Thousand 
H" Million 
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For If Che event whose name appears in the row occurs, the 
occurrence of the event in the column becomes more likely (if it has 
not already occurred). 

For If the event whose name appears in the row occurs, the 
occurrence of the event in the column becomes less likely if the 
event in the column has not yet occurred. 

It can be seen Chat the matrix is relatively sparse with only 39 of the 625 
possible inceraccions caking place. This 6.24% densicy (10 Co 20Z densicies 
are more cypical) refleccs che face Chac Che range of Che inquiry was large. 
There are, however, duscers of inceraccion, wich Che markeC icems and Che 
so fc ware /hardware proCecCion iCems having fairly scrong inceraccions. 

Wich only 2 rounds of Che Delphi process, ic was noC possible Co 
obcain quanCaCive escimaces of the magniCudes of Che inceraccions among evencs 
and run a formal cross-impacc analysis. However, Che macrix shown in Table 
3-14 does provide a framework for Chinking abouC Che inceraccions among 
evenCs. 
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CHAPTER 4: 
PERSONAL COMPUTERS AND EDUCATION 

^^If we include all forms of formal education, from kindergarten through 
formal "schooling" in high schools and universities, vocational training, 
industrial and adult education, and military training, the educational 
enterprise is the largest industrial enterprise in the United States. Annual 
expenditures for the combined total of these forms of education are difficult 
to determine. However, even if we confine our attention to primary and 
secondary schools and colleges - the educational "establishment- - we account 
for 7.1Z (in 1978) of the Gross National Product, or just over 1/3 more than 
the amount the United States spends on national defense. Budgeted Federal 
outlays for education and training in FY 1981 are $25.7 bUlion. The 
educational establishment, then, is one for which public policy has a major 
economic imiact in both the near and long terms. Since personal computers, as 
the embodiment of a highly developed information technology, hold considerable 
promise for improving education and consequentially many other aspects of 
contemporary American society, this area has been a focus of our interest. 

Although computers are not new to education, personal computers are. 
The question is vAiether personal computers bring any unique set of attributes 
to the education scene ^ich might both help alleviate some of the symptoms 
just listed arid provide new opportunities for education. If so, ^t policy 
options are available to the Federal government and other agencies xAich would 
work to take advantage of the opportunities? 

Personal computers have already generated considerable enthusiasm 
among innovative teachers and anxious parents. They are viewed as major new 
tools for shoring up or resurrecting an educational system widely believed to 
be in general disrepair, particularly in the larger cities of the United 
States. Symptoms of the need for change are the declining level of adult 
functional competency (with 20% of the adult population listed as marginally 
competent), declining levels of performance in scholastic aptitude tests and 
increasing numbers of failures in statewide competence tests (such as the New 
York Regents examination) , a decreasing percentage of students continuing 
their education past high school, and declining levels of learning in the 
sciences. (Social Indicators, 1976; Aiken and Braun, 1980). All of these 
indicate decreasing productivity on the part of educators, learners, or both. 

1. Educational Uses of Personal Coapaters 

As Figure 4-1 shows, the educational applications of computers can be 
categorized into two broad areas: administrative and academic computing. 
(Kniefel and Just, 1979). Academic uses of computing, about 40% of the total, 
can be further broken down into instrxiction and research applications. A 
brief description of each of these follows. 

1.1 Administration 

Sixty cents of the educational computing dollar is spent on 
administrative applications. Most of the administrative uses of computers in 
education are identical in concept to computer applications in business: 
accounting, payroll, inventory control, text processing, and management 
information generation. The fact that the commodities vAiich are the subject 
of the actions of the computer systems are students and their records cf 
progress does not materially alter the nature of the information processing 
activities. 

As is the case with business and government organizations, the uses of 
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computers have been confined primarily to the larger institutions in the past, 
because of budget limitations in the smaller school systems. Personal 
computers now provide the same sorts of opportunities to the smaller schools 
and school districts, a direct parallel to the diffusion of personal computer 
technology into small businesses* 

In addition to being the first introduction of computers in many 
schools, personal computers may also replace existing older computer 
installations since in many cases personal computers can provide an increased 
level of service at a lower cost than the older computers. Further, some 
schools may partially or totally dismantle older, mainframe timesharing 
systems in favor of more reliable, independent personal computers, since 
various forms of small multiuser sytems are already appearing. We expect that 
at least 60% of the near term applications of personal computers in education 
vill be administrative in nature. 

1.2 Acadeaic Applications 

The remaining forty cents of the education computing dollar is spent 
on academic applications. Research takes about one-fourth of this, with the 
remaining thirty cents left for the topic most people associate with computers 
in education: instruction. Although definitions vary, the instructional 
applications of computers caa be grouped as follows: 

1. Teaching about computers (computer literacy and computer science) 

2. Teaclilng with computers; this includes drill-and-practice, 
programmed instruction and testing, gaming and simulation, all 
often lumped together under the title Computer-Aided-Learning 
(CAL) 

3. Problem solving; the use of computers as aids to solving problems 
in mathematics, the sciences, economics, etc., where the computer 
is a tool in the process as it often is in research. 

» 

4. Information processing; this includes such applications as text 
or word processing and data base searching. At present, this set 
of applications is confined largely to secondary (somev^t) and 
higiier (mostly) education or is subsumed under administrative 
applications, hence is not shown in Figure 4-1. 

Personal computers can be used for all of these applications, although 
presently they are clearly of limited use for some, such as the storage of 
large data bases. Even in the latter case personal computers will become 
competent as videodisc and other low cost mass storage technologies become 
commonly available. Table 4-1 summarizes the uses of microcomputers in 
education. 

Personal computers have an additional Important capability not shared 
by mini- and mainframe computers: portability. This is important in two 
areas: teaching the mobility handicapped and home (or office) study. Neither 
of these applications is explicitly included in our projections of the market 
for personal computers in education, primarily because of the difficulty in 
finding supporting data. Home uses of educational software are implicitly 
included in the consumer computer market projections of Volume I. Uses by the 
mobility handicapped are still largely unexplored in detail, although tha 
general nature of the applications is included in the four categories just 
described. 
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The likely effectiveness of personal computers, compared with 
alternatives, in these four types of learning is not completely known but can 
reasonably be extrapolated from prior experience with larger computers and 
preliminary experience with personal computers since, at present, personal 
computer technology is an increasingly large subset of larger computer 
technology. 

Two vital characteristic of personal computers, and of larger 
computers used in a time sharing mode, are interactivity and self-pacing. 
Interactivity, perhaps the critical characteristic which distinguishes 
computers from most other artificial learning aids. The computer interacting 
with a student can adjust its responses to match the learning ability of the 
student, whether that ability is great or small. Similarly, the computer can 
adjust the pace at which it interacts with the student to suit the student's 
learning rate. Consequently, the computer, with properly written courseware, 
is widely adaptable to a broad range of student capabilities without 
modification. 

As one of our Delphi panelists put it "Current classroom teaching 
makes no allovance for individual differences: fast students must learn 
slower, slow students must learn faster. Thus we treat everyone as a 
nonrexistent average. A computer, on the other hand, has infinite patience, 
allovB students to proceed at their own pace and allows everyone to be taught 
by the best teacher available (if we can convince the best teacher to write 
the courseware). Teachers will recognize that computers will help them do 
their job better and more productively, all be it recognition [of this fact] 
is slower than we would like." 

The ability of the computer, via well written courseware, to bring the 
best available teachers to the individual student is emphatically stated by 
the same panelist: -The current educational system is a dismal failure; 
students aren't learning and motivation to learn is not enhanced but rather 
dampened. Further, a large percentage of students are in rural schools where 
teachers are not fxilly qualified and where the right teaching talents do not 
exist. As a result the niral school doesn't even qualify students for 
college, let alone a job. If we can't cope with the information explosion, 
and we have proven we can't in the present educational system, then our 
society will fail. Computers can help by making all of the latest information 
available so that fast students will always be challenged with the latest 
additions to the world's information base.'* (Delphi Panelist, 1980). 

Finally, the computer can be used for forms of learning 
radically different from those of the traditional classroom. Through 
the use of simulation techniques , graphics, robotics and other 
deTeloping technologies, the educational computer can transform dry 
theoretical topics Into realistic enticing learning experiences. As 
one example, personal computers completed with videodiscs have the potential 
for extensive and varied interactivity, complete with high resolution, 
animated graphic displays. (Heuston, 1972). The modes in which personal 
compniters can be used are as follows: 

1.2*1 Computer literacy 

As our society continues to increase in its information intensiveness 
it will become correspondingly more important that its citizens be able to 
interact with computers on a regular basis. The dilemma for any developing 
technology is whether to invest more in making the machines more easily 
useable by an uneducated user (e.g., the PHD - for Push Here, Dummy - 
computer) or to spend greater effort in teaching the user to operate a more 
complex machine. At its present state of development, computer technology 
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still requires a fairly subtantial investment in the education of the users if 
they are to interact with computers at more than a superficial level. Since 
it is likely that an increasing proportion of the U.S. labor force will be 
required to interact with computers at a moderately detailed level (see 
Chapter 5) it is important that familiarity with the operation of computers be 
taught either by prospective employers or by primary and secondary schools and 
by colleges and universities. Personal computers are argued to be ideal 
mep.us for teaching about computers because they: 

- do not tie up overloaded, large, timesharing mainframes which as high 
cost resources, might better be used for more difficult computational 
activities , 

- do not require access to a larger computer, allowing computer literacy 
to be taught where large systems are not available, ■ 

are available with most of the common higher level languages, making 
them reasonable analogs of larger systems 

- can increase accessibility, particularly in budget constrained school 
systems, because of their relatively low entry cost. 

Thus, personal computers, in principle, will be economically able to 
provide large numbers of students with a good working familiarity with 
computer operations. They will have an advantage over the inherently more 
capable larger computers of the same vintage to the extent that they ease the 
problems of multiuser access using telecommunications. Even though 
microcomputers will be used in multiuser modes , these uses will tend to be 
confined to single-classroom situations, where the interconnections are short 
cables, not telephone lines. 

1.2.2 Computer Aided Learning 

The greatest promise of the computer in the educational process is 
through its role as a tool of the instructional process rather than as an 
objective of instruction. Almost since electronic computers were built, 
serious attention has been given to their possibilities for assisting 
learning. In the last 15 years close to $200 million has been spent by 
Federal Agencies for research and computer aided learning, since the costs of 
learning have always been an important factor in the rate of dissemination of 
computer technology in education, the appearance of a relatively low cost 
computing capability, as embodied in the personal computer, represents to many 
educators an exciting new opportunity. 

Although the exact definitions vary, the following are the primary 
modes to which computers are currently used in the instructional process: 

Drill and Practice 

This is the most common use of computers as aids to learning. It is 
generally accepted that computers are more efficient than human teachers in 
conducting routine drill and practice operations, particularly because of 
their ability to adjust the pace of interaction to the student's needs. 
Suitable subjects for computer mediated drill and practice are those requiring 
the rote absorption of information, dates, mathematical operations, routine 
information processes, etc., where the computer is not required to make value 
judgments on "fuzzy" concepts. This particular use of computers has 
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applications far beyond the traditional formal educational system, including 
adult education and more importantly, in business, industrial, and government 
training for these later applications, personal computers may be seen as 
important training tools. 

Computer-Managed Instruction 

In this use the computer is not necessarily directly involved in the 
learning process as an element of instruction* Rather the computer is used to 
perform the administrative chores, suc^i as scheduling, record keeping, and 
lesson selection, which might otherwise take large fractions of the human 
teacher's time. One way in which computers might be directly involved in 
instruction is through their use in automated testing of all students. 

Computer Aided Instruction (CAI) 

CAI is the focus of much of the research in the use of computers for 
education. In CAI the cotaputer is used to emulate the behavior of a teacher 
in a cas to one relationship with the student, guiding him or her through the 
intricacies of the subject to be mastered. An excellent CAI program will 
augment the student's ability in the areas where he or she is weakest and 
proceed at a pace appropriate for the student's real rate of learning. 
Unfortunately, since the reactions of a generalized student are not knovn a 
priori, the CAI program must have within it the ability to respond to all 
possible student reactions and proceed accordingly. Consequently a 
substantial computing capability is required for all but the most rigorously 
defined subjects. In practice, the effectiveness of fully automated CAI 
compared with a human teacher is ill-established. Part of the problem is that 
the learning process itself is not yet well understood; consequently, the 
development of a high quality CAI program is presently much more of an art 
than a science. 

Gaming and Simulation 

Computers are frequently used to simulate physical phenomena, real or 
hypothetical, or other dynamic processes of a simple or complex nature. These 
simulations can be explicit as might be the case In traditional appearing 
instruction in the sciences, or implicit as they might occur in various sorts 
of simulation games. In either case, the objective is to provide a sense of 
realism and process to the student. Computer simulations are particularly 
valuable when it would be expensive or even dangerous to teach in more direct 
ways. For example, a classic use of simulation in World War II was in the 
training of pilots with the Link Trainer. Since that time simulation 
techniques have been used in a variety of instructional settings, as in the 
case with the use of computers for drill and practice, a very good case can be 
made for the use of computer simulations as a cost effective means of 
instruction. A fairly high proportion of existing personal computer game 
programs use simulation techniques -the computer can be used to generate rich, 
creative, manipulable environments for the learner, environments difficult to 
manipulate and experiment with in the real world, even environments which are 
impossible. This type* of computer use is a simulation; we use the computer to 
model some portion of the real or imaginary world. We prefer the term 
controlable worlds because it stresses the effect rather than the mechanism." 
(Bork, 1979). 
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1.2.3 Probles Solving 

In this mode» the role of the computer is that of an aid to the 
student. The computer performs the tedious calculations and/or logical 
operations, presents data in meaningful ways, etc., as part of the larger 
process of finding and underastanding the problem presented to the student. 
For example, the uses of computers and computer aided design operations is in 
a problem solving mode; the student (or scientist or engineer, etc.) developed 
a new design through the use of the computational and graphics display tools 
embodied in the computer. This mode of application of computers extends far 
beyond the educational environment and it is widely and increasingly used in 
business and industry. 

1.2.4 lafonatioa Processing 

Like problem solving, the information processing applications of 
computers are adjuncts to the instructional process. Although they are of 
increasing importance, information processing applications may also be the 
object of the instructional process, as a part of computer literacy courses. 
For example, students may be taught to operate text processing systems so that 
they may later find employment performing text processing as an integral part 
of their other learning functions, such as preparation of papers and reports. 
Of increasing importance is the ability to interact with one or more 
computerizd data bases* As in text processing, this ability may be treated as 
an end product of the instructional process or as a means for furthering other 
educational goals. 

2 Potential Impacts of the Technology 

Personal computers can have enormous and widespread impact on all 
forms of education or they can have none,, depending on the specific course 
which both technological development and public policy decisions take in the 
coming years. Because of the rapidity of change in contemporary society, 
continual education of one form or another is becoming a necessity. At the 
same time, the individi^l^s available time for education is under continual 
pressure by other time demands. Consequently it would appear to be a logical 
conclusion that any technology which acts to increase the speed and 
effectiveness of learning would be welcome indeed. 

Personal computers, particularly as they become associated with 
telecotioiunications systems and mass storage media such as video disks, promise 
to provide that necessary educational resource. Personal Computers, because 
they can be available to their owners at any time of the day or night and, 
ultimately, at any place, appear to provide an educational medium comparable 
to the printed book although they are presently considerably less portable. 
As, and if, the technology improves, compact, portable personal computers with 
transportable mass storage will replace books for many forms of education and 
entertainment where the basic cost of the medium (paper vs. magnetic or 
optical media) as not the prime concern. (See the description of the Personal 
Information Utility in Volume 2). 

The above discussion concerns the topic of education in the abstract. 
Given sufficient time, funding, and imagination, the descendants of 
contemporary personal computers will indeed be valuable education . tools. 
However, enthusiasm for what might be must be tempered with some consideration 
of what is likely to be in the coming few years. The following, in addition 
to the impacts already discussed in Chapter 3, summarize our findings on the 
potential near and intermediate term impacts of personal computer technology 
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in education. 
2. 1 Economic 

The potential economic impacts of personal computer technology 
vis-a-vis education fall into four categories: 

a. The effects on the education market per se . This includes the 
U«S. public and private, primary, secondary and postsecondary 
education institutions, 
b* Effects on the home or consumer market. 

c. Effects on the large organization market. This includes not only 
large firms in the private sector, but the Federal government as 
well. 

d. Effects on the small business market. 

2. 1.1 The Education Mar&cet 

At present, there are approximately 58.5 million people enrolled in 
the U.S. educational system from K-college. Other statistics that become 
noteworthy vAien evaluating the effects of personal computers on the education 
market include: 

!• About 65Z of the school districts in the U.S. contain fewer than 
1,000 students. Because of the cost factors involved in 
participating in a large time-sharing network, personal computers 
would be highly adaptable to this subset of schools. 

2. Pupils with handicaps (speech impairments, learning disabilities, 
emotional disturbances, physical disabilities, etc.) comprise 
about 10% of the total secondary and elementary enrollment, ^^ch 
of the current effort in the development of commercially produced 
CAI is directed at this segment of the school population, 
especially in the area of basic skills development for the slow 
learner . 

We estimate that at present there are 4,000-8,500 personal computers 
in U.S. elementary and secondary schools; that is, approximately 5-10%. 
Examination of this figure in more detail, however, reveals that less than* 1% 
of all elementary schools have personal computers whereas 25-35% of all 
secondary schools have at least one. 

Our market growth model for technological forecasting (explained in 
Volume II a summarized in Chapter 3 of this report) was asked to generate 
growth curves for lower bound and upper bound estimates of the number of 
personal computers in the education market. Our low growth forecast is that 
75,000 units will be sold to educational institutions in 1985 and 150,000 
units in 1990. The high growth forecast is that 250,000 units will be sold to 
educational institutions in 1985 and 540,000 in 1990. Factors that affect the 
growxh rate include: 

1. budget considerations at the local, state and Federal levels; 

2. depth of knowledge at the local level about personal computers and 
' their educational (i*e, instructional and administrative) 

applications ; 

3. teacher and administration support for the introduction of personal 
computers into the curriculum; 

4. development and successful marketing of PC -based educational caterial 
and equipment by the personal computer industry (e.g. Bell and 
Howell/ Apple). 
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2. 1*2 The Home and Consumer Market 

AC present y the home market is largely an untapped reservoir for 
producers of PC-based educational hardware and courseware. The consumer is 
induced into purchasing personal computers with the lure of space-age games, 
checkbook balancing, income tax preparation, and a host of other packages. 
Little is offered at present in the way of educational materials; i.e, 
courses . 

Census Bureau projections state that by 1990 there will be between 90 
and 95 million households; curently, there are about 80 million. Our 
forecasts for the consumer computer market indicate that, ultimately 80Z or 
more of the households in the U.S. will have some form of personal ccuputer. 

Based on market growth forecasting model mentioned earlier, g^^rowth 
curves were generated for a low and a high growth rate of sales of personal 
computers to the consumer population. Our low growth forecast calls for, that 
about 900,000 units will be sold in 1985 and 2,500,000 in 1990, Our high 
growth forecast calls for 3,000,000 units to be sold in 1985 and 8,000,000 in 
1990. In other words, we predict that between 12Z and 42% of all U.S. 
households will have personal computers by 1990. Thus the home market is and 
will be a large, viable market for PC-based educational hardware and software 
when quality courseware is available at £ consumer-af fordable cost . 

2.1«3 The Large Organization Market 

Personal computer technology vis-a-vis education affects the large 
organization market in two main areas. First, the uses of personal computers 
for production and office work may be extended Co include on-the^-Job training. 
There is no estimate available for the number of personal computers uaed 
currently in industry, but the number of business and industrial applications 
of personal computers may be made is growing rapidly. Second, purchases of 
large numbers of personal computers by large organizations, for example, the 
Department of Defense, specifically for training purposes. Again, figures are 
not currently available for numbers of personal computers in use in the 
training process in large organizations. However, it is to be expected that, 
as training costs rise, personal computer prices fall, and the utility of 
personal computers for routine training becomes more widely established, they 
will be broadly used.. i 

2.1.4 The Saall Buainess Market 

Under the rubric of **business computers,** personal computers have 
already had an impact on the small business market. It is currently the 
largest purchaser of microcomputers (See Figure 3). However, the applications 
to ^ich microcomputers are put to use are mainly business, not educational or 
training applications. The small business person uses personal or 
microcomputers for such purposes as inventory control, payroll, general 
recordkeeping, etc. Due to the cost of courseware development and to the 
diversity of the small business market t'K terms of product or service, company 
size, annual sales, overhead, etc., wi:.-.. the consequent variety of training 
requirements, we do not forecast a large investment of time and money for the 
development of personal computer-based educational or training courseware by 
cr for small businesses, with the exception of text processing applications. 
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Z. 2. Societal lapacts 

Personal computers can have a number of societal impacts as a 
consequence of their pervasive use in education as with the effects of- 
compters on the workforce the specific societal effects of computers are ill 
documented and equally well understood. The following are some of the 
consequences we have considered under the supposition that personal computers 
are widely used in the United States in all the market areas discussed 
previously* 

Literacy 

As mentioned earlier, personal computers appear to be an ideal means 
for developing compxiter literacy at relatively low cost. What is less 
obvious, and possibly counter intuitive, is that personal computers may 
increase the general literacy of its users over and above what might occiir 
were they not to enter the scene. The mechanism appears to be one of positive 
reinzorceuent. As the learner gains proficiency using the computer, adapting 
to the syntactical discipline and precision in language required by the 
relatively limited facilities for understanding on the part of the computer, 
he or she gains confidence in his or her ability to branch out into forms of 
written expression which are not necessarily computer centered. We already 
have anecdotal evidence of this phenomenon occurring in experiments made in 
primary schools in the Santa Clara Valley (for example, as shown in the PBS TV 
presentation, "Don^t Bother Me I'm Learning") 

Cultural Assimilation 

Like television, personal computers appear to have as great potential 
for leveling as they do for elevating the masses. The hardware technology is 
relatively neutral in this respect except that it provides a framework in 
which new forms of software can be presented the individual. One effect of 
television which is frequently remarked upon, is its ability to erode cultural 
barriers to the extent that this will promote greater understanding among 
different cultural groups it can be seen as a positive effect. Personal 
comjxiter based education could provide individuals, through its interactive 
capability, with the experience of sharing in the activities of other cultural 
groups and, consequently developing a greater understanding of their mores and 
attitudes. On the other hand, depending on the quality of the software 
provided, personal computer education can also act to blur many of the 
interescing differences between various cultural groups. It is not possible 
ac this stage of development of the technology to estimate which of these is 
the more likely, and in ^ich circumstances. 

Educational Standards 

In v.vition to the problem of the growing need for computer literacy, 
it is becoming increasingly apparent that the educational achievement of 
students in primary and secondary schools in the United States is generally 
diminishing Furthermore, the greatest concern is expressed over the 
increasing functional incompetence of many American adults to the extent that 
personal computers can replace scarce teachers in fundamental educational 
subjects, an area in which computers appear to be most proficient, this trend 
could be reversed. Furthermore, because of the economic necessity for 
relatively large marketers to defray the cost of production of quality 
personal computer software, che likelihood increases that the national 
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distribution - hence national minimum standards - will develop. National 
competency tests, similar to those used by the New York Board of Regents, 
could be developed for use with personal computers. Our Delphi Panelists 
estimated that computer literacy questions were most likely to appear on 
Scholastic Aptitude Tests (SATS) in the mid '80s. 

Anomie 

The objectives of education might be grouped into two categories: 
learning to cope with the physical environment, and learning to cope with 
other humans. Personal computers can be quite efficient at the former but 
there is no evidence that they are particularly adept at the latter; in fact, 
there is some concern that personal computers, and computers in general for 
that matter, can act to dehumanize individuals, isolating them socially and 
increasing their difficulty in coping with other individuals. Each university 
:omputer center seems to have its set of "hackers", or "students (or faculty) 
who become totally immersed in interacting with the computer to the gradual 
exclusion of almost all human contact." Since, in the past, computers have 
largely been confined to postsecondary educational institutions, government 
and industry, this phenomenon has been relatively restricted in its impact. 
The question is, if personal computers become prevalent in primary and 
postsecondary, adult, and special education as well, will the population of 
desocialized or uasocialized individuals increase as a consequence? On the 
other hand, will personal computers, to the extent that they increase 
individul feelings of self-worth because of successful participation in the 
instructional process, increase the ability of some people to participate 
successfully in social interaction where they might otherwise not have done 
so? At present there is no substantive evidence to support either trend. 

Equity 

Personal computers are still expensive compared with more traditional 
learning materials such as blackboards and books. As a consequence, personal 
computers are more likely to be adopted by schools and individuals in affluent 
rather than low-income areas unless public policy somehow compensates for 
differences in purchasing power. However, since institutional learning is 
only part of the educational process, it is still likely that the economically 
advantaged, through private ownership, will be able to use persbnal computers 
as educational tools earlier than those who are less economically advantaged. 
If personal computers fulfill their potential to make learning more effective 
and to increase learning speed, then the learners in these economically 
advantaged strata will increase the educational gap between themselves and 
those who do not have access to personal computers. The net result will be a 
widening of the gap between socio-economic classes. Higher income learners 
will become more competent than low-income learners and, to the extent that 
this increases their productivity, their income differences will increase; a 
clear example of a failure of the market process to provide equal opportunity 
of access to education. 

Crime 

Widespread acceptance of personal computers will presumably lead to an 
increase in computere associated crime. The most likely occurrences of such 
crimes will be in those cases where the criminal is computer proficient and 
the victim is not, or has not developed adequate safeguards against computer 
crime. This forecast is made on the assumption that criminals occupy roughly 
the same spectrum of mental and learning capability as do ordinary citizens, 
then, as computers become available to many people via personal computer 
technology some fraction of these new learners, those who already have 
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criminal tendencies, will use personal computers as the tools of or victims in 
cheir crimes. As criminals become computer literate, computer-related crime 
will increase* Although the topic of computer crime was not covered in detail 
in our assessment we did make some preliminary estimates to the effect that 
crime involving personal computers could have a value as high as $2 billion 
annually in the 1990 's. In some sense this crime rate would be due to a 
combination of expertise on the part of the criminals, ignorance on the part 
of the victims (a function of their level of computer illiteracy), and lack of 
adequate safeguards against such crime. 

2.3. Instltutlooal Impacts 

The type and extent of any structural change in the educational 
process which might result from the uses of personal computer technology 
correspond to the level of use of the technology within the educational 
system. Our estimates are based on current trends; however, it is useful to 
delineate the two extreme positions of structural change since either one is 
possible. An intermediate position is more likely. 

Low Impact Position 

— Personal computers will have little effect on the educational 
system, either in numbers or in application. There is no reason 
to believe that personal computers will have any greater or less 
effect than any other audio-visual device. The arguments 
presented there. point out that any structural change in the 
educational system as we know it will not be influenced by 
personal computer technology. 

High Impact Position 




~ Personal computers will cause profound structural changes in the 
educational process. It is conceivable that as high quality and 
large quantity personal computer-based courseware becomes 
available, and that as acceptability and eventual accreditation 
of this meditim of study becomes widespread, structural changes 
may occur that would affect the entire structure of society. For 
example, the home becomes an educational Institution. Due to the 
rising cost of transportation, staff and building maintenance and 
due to the decline in enrollment in public, primary, and 
secondary schools, budget allocations go to parents rather than 
school systems and studying at home via personal computers become 
more desirable. 



2.4. Legal Impacts 



Legal Impacts with regard to personal computers in education will fall 



into the category of school (district) compliance with government regulations. 
Presently no regulations explicitly involving personal computers exist; 
however, indirect legal questions related to personal computers may be 
considered. For example, if it is shown that computers applied to educational 
endeavors can significantly extend a person* s intellectual abilities and if a 
substantially greater portion of affluent schools (vs. less affluent schools) 
use them, then it may be the case that a legal issue concerning the equality 
of educational opportunity might arise. Court action is then necessary. A 
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corollary issue that could also arise is a racial one: accessibility to 
computers by the affluent schools, which are generally white, may be seen as a 
cover for the continuance of segregationist attitudes and policies. 

Another category of legal impacts vis-a-vis personal computers in 
education, which at this time lies beyond the possibility of predictability, 
consists of those cases brought against a school or school district due to 
personal injury caused by a personal computer. It may be the case that as 
responsibility is given to a computer for supervision of some sort, injury 
suits may ensue* 



3 The Education Market; Opportunities and Barriers 

The previous sections covered the general range of possibilities of 
personal computers in education in terms of the potential size of the 
education related market in various sectors of the economy and of the 
potential impacts of the technology for various levels of its adoption. Our 
Delphi Panelists estimated that about half of the market for personal 
computers and about 60% of the market for educational courseware was likely to 
be controlled or heavily influenced by government policy, the remainder having 
to do with industrial and commercial implant and secondary school systems, 
split about equally between the two. The panelists estimated that the 
Department of Defense would spend about the same amount for personal computers 
in training its personnel aa would either the primary or secondary education 
systems. However, aside from these basic estimates, it is necessary to 
examine some of the incentives and barriers to the use of personal computers 
in each of these major market areas. In order to estimate whether free market 
processes will dominate or whether, conversely, government intervention in ihe 
marketplace might be necessary. We have concluded that the arena in which 
changes in govertiment policy are mosr likely to be required because of 
existing impediments to change is that of primary and secondary education. 
Consequently we have concentrated on this area during the remainder of the 
project. The other areas will be touched upon as well. 

3«1 Primary and Secondary Education 

Our research has led us to two apparently paradoxical conclusions: 
— The iapact of personal computers on the educatinal process is 
likely to have no effect on the educational establishment 
C* Conservative Scenaario", Round 2 Delphi Survey) 

+ The impact of personal computers on education is likely to be more 
profound than any technology since the blackboard. (Computers and 
the Learning Society, 1978). 

Both of them are likely to be true, although not necessarily in the 
same places. The first statement forecasts the result i'f no alterations are 
made in existing barriers to the use of personal computers (and other forms of 
educational technology) in primary, secondary and post-secondary education. 
The second statement refers to some of the possibilities of the technology, as 
outlined previously, if suitable incentives are provided, and barriers are 
removed, for the widespread use of personal computers and quality educational 
courseware. 

Perhaps the best way zo provide some perspective on existing barriers 
to educational technologies is through another quotation: 

"[Personal computers] are making their educational debut within the 
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course of classroom instruction in present day schools and colleges. 
Coupled with a large scale basic research program in education 
[personal computers] offer new diaen&ions for future design* in 
instructional programs. Mora eaphasis r^n be put on independent 
learning by students in the cLaisarooa and the 50 n»inute period may 
become a thing of the past* Textbooks of the future and other 
printed raaterl>^l may be radically altered to becomn convenient 
learning tools to the [j^trsonal ciomputeifj program*, teachers may 
enter ot; a new era i)f freeaoa from educational drudgery, leaning _ 
heavily on modem technology to give them more tiae for working with 
the learning problems of students in their owu scholarly pursuits." 

The above is an excerpt of testimony given to the Senate Committee on 
Interstate and Foreign Commerce in January, 1959. The orijginal testimony to 
the committee had the word "television" in every place where we have inserted 
the words "personal computer". Instructional television did seem, in 1960, to 
have substantial advantages over conventional dlassrcom teaching. One of the 
greatest of these potential advantages was that course n^terial could be 
prepared and produced by teams of experts in the subject to be presented, 
presumably resulting in a much better and more efficient presentation than 
would be possible by the general practitioner teacher in a primary or 
secondary school. Yet the realities of the use of instructional television in 
the educational process seem to be a pale imitation of the prospects discussed 
more than 20 years ago. 

As was mentioned earlier, personal computers have some advantages over 
television in classroom presentation. Foremost among these is that personal 
computer technology is interactive rather than broadcast in nature. The 
student becomes involved with the actions of the personal computer rather than 
being a passive, and not necessarily attentive, recipient of the computer's 
message. Since personal computers can be linked with television media by 
using such peripherals as video cassette recorders or videodisk players as 
peripheral devices, personal computers can have at least all the advantages of 
television. Nevertheless, one cannot simply discount the past 20 years of 
experience with instructional television. We conclude that, absent 
substantial and far reaching policy changes, in the year 2000, after 
personal computers have been around the educational system for 20 
years, the average classroom will be almost indistinguishible from 
that of today. This may be the case independent of any inherent 
virtues or liabilities of personal computer technology. 

A critical barrier to the use of personal computers in education may 
be technological; specifically, the development of quality courseware. 
Courseware can be quite expensive. In some sense a vicious circle may 
operate, manufacturers of personal computer will hesitate to produce new 
models oriented specifically toward educational applications because they fear 
that insufficient quantities of quality courseware would be available to 
stimulate the market for their hardware. Prospective producers of courseware 
may decline to devote the time and effort required to make it of high quality 
because of inadequacies in available hardware, and so on. The investment in 
time and money on the part of the courseware developer is not trivial. In the 
order of 100 hotu's of professional time is required to develop each hour of 
online instruction for an educational computer. In 1980, costs per 
professional hour are in the order of $35. As competition for professional 
programmers increases over the next decade, due to 1) a declining number of 
people in their late teens and early 20 's entering the job market and to 2) 
generally increasing demand for programming skills, the cos'c per professional 
hour can be expected to increase ac a rate higher than inflation, possibly as 
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auch as 10/. per annum* Although some automated aids to courseware development 
exists, their primary utility is in handling the details of conversion of the 
instructional materials to specific computer programs. They have very little 
effect on decreasing the number of hours required to invent, edit, collate, 
and polish the basic materials. This latter task consumes the majority of the 
time required to develop the courseware. Hence the courseware development is 
likely to remain labor intensive and, to make the dilemma more acute, the 
supply of labor is not likely to meet the demand unless the educational system 
produces more and better qualified teachers and courseware programmers. When 
the courseware includes TV materials on videodisks or other media these hourly 
costs can be multiplied by a factor of two or three because of the elaborate 
production costs required for pictorial materials. 

Technological Considerations 

According to a report prepared for the National Science Foundation; 
"Technology in Science Education: the next 10 years - Perspectives and 
Recommendations", it is desirable that a typical student should interact with 
a computer at least 15 minutes per day (Lipsom, 1980). Heines argues that the 
cost of developing, producing, marketing and distributing the 45 hours of 
instructional materials required to meet that goal would come to $600,000, 
including a reas>jnable return on investment over the lifetime of the product) 
(Heines 1980). 

If we multiply the above number by 13, to cover the provision of 15 
minutes of computer based instruction per day for the student from 
kindergarten through 12th grade then we estimate the cost of a complete K-12 
computer based curriculum at just under $8 million. Since the minimum 
anticipated figure for the popxilation over the next decade in this age group 
is about 45 million, this comes to cost slightly less than $6.00 per student, 
or about $o0 per year, to pay for the cost of the software production. 
Unfortunately, matters are not that simple. First the software producer has a 
vanishingly small chance that the software will be distributed in that way. 
Much more likely, particularly given the essentially total lack of legal 
protection for software, the producer will have to be content with selling in 
the order of one or two thousand copies of the software , anticipating that 
each of these copies will be relatively indiscriminately copied further with 
no return to the producer. Since the producer's price will be based on that 
estimate rather than the ultimate potential the price per copy of the software 
would be between $300 and $600 depending on the lifetime of the courseware, 
media costs for additional copies, the actual number of students who use the 
courseware, etc., this could result in an actual cost per student of as much 
as $3.00 per year, instead of a one time cost of $.50 for an entire K-U 
curriculum. Thus the realities of the present educational market can make the 
cost of software almost 100 times what it might be in an ideal situation. 

Hardware costs for personal computers in primary and secondary schools 
might be expected to stay at about $1500, in constant dollars, over the next 
decade. The reason for this is that, although basic costs of 
microelectronics, peripheral hardware, and media '^11 continue to decrease in 
real terms, a difference between the decreasing cost of the basic components 
and the $1500 system cost is likely to be made up by more sophisticated 
hardware and operating software. Thus the student of 1990 is likely to have a 
much more sophisticated computational capability available than a student in 
1980 at about the same cost. If a classroom personal computer is to serve 20 
students per day, each receiving 15 minutes of instruction, and the useful 
lifetime of a computer is 5 years, then the annual cost per student is $15.00. 
Add to this the cost of the software discussed previously and the costs of 
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recording media and other instructional materials used by the student and the 
teacher, the annual cost per student would be somewhere close to $20.00 under 
these assumptions. As courseware becomes more sophisticated its cost is 
likely to Increase, as has been the experience with softwre versus hardware 
cost ratios in Industry. Consequently, by the late 1980 *s or early 1990 's 
cost of software might be exected to equal those of hardware. 

Institutional Barriers 

There are significant structural barriers to the use of personal 
computers in school systems. The niost fundamental of these are economic. 
Most education, in grades Kindergarten through 12 is fun<^^d by individual 
states, by local govemaents and/or by local school districts. From 80Z to 
852 of the school dollar goes to personnel costs (abvout 502 to instructional 
personnel and 30% to 352 to support and administrative personnel). The 
remaining 152 to 202 is used for facilities purchased, maintenance, fuel costs 
(particularly in areas with «Hctensive bussing programs), and educational 
materials. Less than 22 of the school district's budget, usually considerably 
less, is available for all forms of educational computing. Typically, from 
$.40 to $.80 of every 100 school dollar goes to computing expenditures of all 
sorts (computing activitlas la secondary education, 1976). Therefore, under 
current conditiona, the computing expenditure distribution shown in Figure 1-1 
would result in roughly $.40 of every 100 school dollars being spent on 
instructional computing of all sorts. From 1/4 to 1/3 of this, at present, is 
spent for computer literacy applications in those schools which use computers 
for instruction. 

If 22 of the educational budget were to be spent for computing, as 
opposed to the 2/3 2 of which appears to be typical of the late 70 's, then 
about $770 per classroom might be spent by schools in the United States for 
computing (about $43.00 per student per annum). The amount available for the 
purchase of personal computers and associated software to be' used in the 
instructional process would come to about $10 per student per year If the 
funds were to be averaged over all students in grades K-12. In actuality 
these figures, although lower than the requirements of the technology 
previously discussed, are still higher than the recommended expenditures on 
all foms of educational media in primary and secondary schools. For example, 
the Jtorth Central Association of Colleges and Schools recommends expenditures 
for books, magazines, and audiovisual materials (exclusive of textbooks and 
equipment) as $6.00 per pupil in small schools and slightly smaller amounts 
for larger schools. (NCACS, 1979-2 references). In short, current and 
forseeable costs of computers in primary and secondary education are such as 
to equal or exceed the funds available fcbr all such media- under ctirrent 
educational budget structures and policies. Furthermore, there appears to be 
little sympathy among the tax paying public for increased school expenditures, 
particularly as enrollments in primary and secondary education will generally 
decline throught most of the 1980 's. Consequently, expenditxires for computers 
within existing schools will have to be made at the expense of some other 
alternative. There seems to be few volunteers stepping forward to claim the 
budget cut. 

One immediate possibility for providing the extra funding is to 
increase the student to teacher ratio in proportion to the increase in 
learning productivity brought about by use of personal cc:nputers. However, 
the laws in many states fix the student to teacher ratio. A typical number in 
elem,entary school is 30 students per teacher, although the actual national 
average in 1977 was about 22 students per teacher in an elementary schools, 18 
in public secondary schools (16 in private schools). (Statistical Abstracts, 
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1979). Consequently, any improvement in teacher productivity which might be 
engendered by the use of personal computers would have no immediate effect on 
personnel costs since the student co teacher reatio would remain unaffected by 
statute. Thus, even chough the amount available for personal computing in 
schools could be doubled by a 2% reduction in teacher expenditures, this 
appears to be unlikely under current conditions. 

One possibility for alleviating this situation might be similar to the 
scenario discussed for office workers in Chapter 5: Computers are bought for 
school systems simply because there are not enough teachers to go around. 
Strange as that may seem in an era in which school enrollments are declining, 
there appears to be some factual basis for that possibility. The frequency of 
reports is increasing, indicating a demand greater than the supply of teachers 
in local school districts. "The major reason for the dramatic turn around is 
clear - the number of college students going into teacher training has dropped 
sharply in the last five to seven years" (McCurdy, 1980). A 1980 survey by 
the Association for School, College and University Staff (ASCUS) have found 
that shortages of teachers existed in 23 categories in secondary schools, 
particularly in mathematics, science, vocational training, and special 
education - all these areas in which personal computers might be particularly 
appropriate. In the school districts where this situation exists part of the 
salaries, now essentially unclaimed dua to the unavailability of teachers, 
might go to the purchase of personal computer software. Since there tends to 
be a lag between demand for certain types of expertise and the production of 
that expertise by the educational system, as there is a lag between excess 
production and adjustment to a diminished market, it is possible that this 
deficit in elementary and secondary school teachers could increase through the 
mid '80 's or longer if other incentives for new teachers do not develop. 

Improvements in learner productivity, ^ich might be significant in 
some educational situations, such as in industrial, office, and government 
personnel training, appear to have relatively little effect on the primary and 
secondary school systems. The performance criteria of the school systems are 
predicated more on student classroom attendance days than on student 
achievement. Only in a few states, such as New York, are specific student 
performance accomplishments major elements of the evaluation of the 
educational system. In the past, there has been relatively little 
correlation, or possibility even anti-correlation, between the size of a 
school budget and the measured performance of its graduates. Here, too, the 
trend may be reversing as more communities become concerned with rowing signs 
of basic functional incompetence of graduating high school students. The 
, personal computer could be vi.«,wed as an ideal instructional medium in this 
regard since functional car: . .^y criteria tsnd to be quite objective, hence 
ammenable to incorporatio- _ tiri^onai computer based instructional and, 
testing programs. 

Finally, primary and secondary school systems provide few incentives 
for teachers to use personal computer technology (most of them provide none), 
even if it is proven to be exceptionally defective in certain learning 
situations. Since school enrollments will be generally falling throughout the 
'80 's and the rate of production of new teachers has slowed, the averge age of 
teachers in the school system is steadily increasing. Since many school 
systems, particularly those in large urban areas, seem to be spending much of 
their energy in coping with changing ethnic mixtures, declining safety in the 
schools, and other, survival oriented problems, there are few or no teachr 
incentives for any type of Improved teacher performance. Since very few 
colleges and universities require computer literacy and teach computer 
familiarity to students in their education schools, even in 1980, the level of 
computer literacy among the average teacher in the educational system is 
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understandably quite low. Thus the typical teacher would have to learn a new 
and possibly forbidding topic in some detail, requiring a substantial 
investment in time and effort, with little possibility of additional 
compensation for that effort, before introducing it into the classroom. 

The typical, computer naive, primary or secondary school teacher is at 
present more inclined to view the personal computer as a competitor for his or 
her job rather than as a teacher's assistant. This common attitude can be a 
powerful deterrant to the acceptance of personal computers even if all the 
other barriers just mentioned were eliminated. Consequently, one of the major 
imncdiate tasks put before any one or any agency desiring to increase the rate 
of diffusion of personal computer technology must be the education of the 
teachers themselves. This has been the approach taken in France where the 
President has declared a "Computer in Society Week" and the government plans 
to install 10,000 mlcrocompjters in secondary schools by 1985 (one for every 
73 students, allowing each student 15 minutes of use per week .) (Blunenthal, 
1979). -However, what is most likely to occur within the next five years (in 
France) is t±at some students will have a few hours use each week and others 
will have none at all." (Hebenstreit , 1980). 

Clearly, there are many enthusiastic teachers in primary and secondary 
schools who are currently busy developing applications of personal computers 
for their classrooms. However, as a general rule, we do not expect to see a 
rapid and massive switch to the extensive use of personal computers in primary 
and secondary schools. This is reflected in the market estimates of Volume 2. 
One caveat should be injected at this point. Past experience has shown that, 
once a new educational technology is accepted within the primary and secondary 
school systems, the rate of diffusion of that technology is very rapid indeed, 
thus if conditions were to change, or perceptions of conditions were to 
appropriately change, to encourage the acceptance of personal computrer 
technology, then most of the primary and secondary schools throughout the 
United States might have personal computers essentially as fast as the 
manufacturers could produce them. 

Secondary Barriers 

In addition to the barriers of insufficient funds, low level of 
computer literacy among primary and secondary school teachers, asnd low levels 
of motivation on the parts of those teachers to become computer literate, the 
situation is exacerabated by the highly fragmented nature of the educatin 
market, with the exception of a few states in which textbook and educational 
material purchases are controlled by a state agency, materials are decided 
upon and purchased by individual school districts or even individual schools. 
Standards vary widely and the option for local decision as to course content 
and materials is observed much more frequently than the insistence on 
area-wide standardization. Even in large school districts, where a large 
number of schools or students are served by a single administrative unit, the 
purchasing decisions for educational materials are often price driven (i.e., 
minimum price at an "acceptable" level of quality rather than maximum quality 
for a given price). Special hardware configurations and courseware, which 
generally is developed according to performance criteria expressed by 
teachers, may not adequately meec the cost performance criteria demanded by 
the purchasing agents. 

Under these circumstances the prospective vendor of educational 
computer hardware courseware can easily spend significant amounts of time 
trying to penetrate the maize of bureaucratic procedures associated with 
school districts without tangible success. As one computer retailer put it 
"They (the school systems] consume a tremendous quantity of time and never buy 
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anything". In other comments, referring to the minimum price rule just 
mentioned, *'Even if you've done all the homework and put on all the 
demonstrations and talked to all of the people , it [the computer system] may 
get sold right out from under you". (Computer Retailing, 1979). 

A possible barrier to the acceptance of personal computers in 
education, one which will vary as a function of the prior experience of the 
individual school district and/ or staff, is that due to prior disillusionment 
with computer aided learning. The reason for this disillusionment in C';e past 
has been the encouragement by overzealous salesmen of expectations for the 
capabilities of computer aided learning which have been substantially in 
excess of the actualities. As has been outlined previously, many public 
school systems were soon saturated with videotape recorders in preparation for 
this touted millennium, in the form of wide variety of high quality TV 
courseware. This millennium has not yet arrived for many of the same reasons 
just discussed. In the interim, school system purchasing decision makers, 
viewing the numerous TV recorders gathering dust on school room shelves, may 
perceive personal computers as yet another empty technological promise. At 
the present state of development of personal computer courseware it appears 
that this skepticism is' largely justified, at least with respect to the 
quality of available consumer aided instructional courseware. 



3. 2 Higher Education 

Within colleges and universities in the United States the conditions 
are similar to those of the primary and secondary school. The claim for 
expenditures arises primarily from faculty salaries, budgets are declining 
because of a decrease both in the absolute number of students of college age 
and in the proportion of high school graduates who go on to college. Although 
computer literacy is widely taught and reequired in the sciences, mathematics, 
and schools of engineering and business, it is not generally required in other 
schools of universities or in colleges, with some notable exceptions, such as 
Dartmouth. Even in the most computer literate universities, computer aided 
learning techniques other than those related to computer literacy are not in 
widespread use (Berk, 1978, Molnar, 1979). The purchasers of the educational 
services in colleges and universities, the students (or their parents), prefer 
a low student to teacher ratio, feeling that this provides a higher level of 
individual instruction. Consequently, arguments which emphasize increased 
teacher productivity, allowing more students to be effective when served by a 
single teacher , are not greated with enthusiasm. 

In addition to this latter issue, the course . content in colleges and 
universities tends to be less amenable to the . use of computer aids. The t3rpes 
of classes in which personal computers would be most effective are those 
involving basic loiowledge acquisition, as is the case in primary and secondary 
schools. These are topics such, as remedial reading (to rectify the failures 
of the primary and secondary school systems, particularly among minority group 
students) introductory college mathematics, basic science and engineering 
courses y economics, etc. These classes tend to be those whicii are already 
quite cost*-ef fective. They generally have large student to teacher ratios and 
are usually taught by assistant professors and graduate teaching assistants, 
those at the lower end of the college pay scale. The higher paid faculty 
usually teach courses with much smaller numbers of students. These courses 
generally involve the teaching of complex topics requiring a relatively high 
level of interaction between student and teacher, areas in which personal 
computers, at least at their present and forseeable (over the next decade) 
level of development, are not highly effective. 
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Colleges and universities share a further characteristic with large 
business and governmental organizations that have centralized computing 
facilities: The msBa^^ers of the computing faculties view personal computers 
as a threat to their autonomy and resist their adoption by units outside their 
span of control, * This may also be true to some extent in primary and 
secondary school systems but, in general, colleges and universities are more 
likely to have centralized computers than are primary and secondary schools 
except in large urban areas. Interestingly, one of the possible means by 
which personal computers will be used more widely within colleges and 
universities is as a consequence of the inability of university computer 
centers to keep up with the demand for computing time. In order to relieve 
the pressure for time on large mainframe computers, some university computing 
centers are beginning to encourage the acquisition of mini and microcomputers 
for the smaller computing and instructional tasks. The argument is the same 
as that used in business and government: through the purchase of ialcro and 
minicomputers advantage can be taken of the latest technology, i.e. greater 
comiMting power per dollar expended, without requiring a massive investment 
for a mainframe. Thus, even though the raw cost /effectiveness of a state of 
the art mainframe is invariably higher than that of the state of the art 
personal computer (as measured in dollars per instruction processed per 
second), the net effectiveness, in terms of utility of the computer to the 
user may well be higher for the personal computer. HowBver, these argumenmts 
are just beginning to appear in colleges and universities although we expect 
them to increase in frequency and force as personal computer technology 
improves « 

The net result of these barriers is that, college and university 
administrators Interested in using personal computer technology as a, means for 
increasing the productivity of higher eduation run into significant obstacles. 
In additional barriers to the use of computers in higher eduatin there is a 
serious supply problem. Colleges and universities have difficulty competing 
with government and industry for newly graduated computer professionals. A 
new Ph.D. in Computer Sciences often will be offered a higher salary and 
greater fringe benefits than are available to most of the faculty who taught 
him/her. Consequently, there are few teachers available to teach the teachers 
of computer literacy. 

The field of continuing education may hold more immediate promise for 
applications of personal computers, particularly where the purpose of the 
continuing education courses is to help prepare students for specific career 
objectives. In these cases, as In the case of Introductory courses at the 
college and university level, emphasis is placed on acquisition of factual 
material and the development of basic information manipulative skills, areas 
in which personal computers can be particularly effective. However, where 
continuing education courses are developments sponsored by colleges and 
universities or by adult educatin branches of secondary school systems, many 
of the barriers which exist within the central operations of these 
institutions may also act within the continuing educations programs. 

In sunnary, even though there may be significant national goal 
incentives for rapidly increasing the rate of computer literacy in the United 
States, and fcr training more people in computer science technology (see 
Chapters 5 and 6), the existing institutional barriers, reward structures and 
financing of the primary educational system, do not appear to be inately 
responsive to these needs.. 
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3.3 Other Markets 

Our own estimates and those of our Delphi panelists lead us to believe 
that about 60% of education oriented purchases of personal computers and 
associated software will come from outside the educational community just 
discussed. Even these estimates may be conservative. Other estimates 
concerning expenditures for education were made by industry alone, put them at 
the same level as the entire educational system, in the order of $100 billion 
per year. (Heuston, 1977). Otir panelists estimate that industrial purchases 
of personal computers for in-plant purposes will be roughly equal to purchases 
by secondary schools. However, when industrial contributions toward tuition 
support for employees studying in community colleges, universities, colleges, 
continuing education and adult educational facilities is included, the larger 
prediction seems quite plausible. Since we have been unable to find accurate 
data to support these contentions we conclude that the split of the total 
educational pie in terms of institutional purchases of personal computer 
hardware and software might be roughly as follows: 

The Educational System 

5 Primary & Secondary Schools, Colleges and Universities) 47% 
Industrial In-Plant 

and vocation-oriented training 33% 
Department of Defense 20% 

Wlxere the support of external training by government industry, at 
colleges and universities and other schools, is incliided under the educational 
system category our panelists anticipate that an additional 30% of the total 
amount spent in the above three categories will be spent by consumers for 
education in the home. Presumably, a substantial fraction of that amount will 
be associated with concurrent educationsil activities on the parts of consumers 
in ii^^re formal educational settings. 

Unlike the situation in the educational system both industrial and 
government motivation for the use of personal computers as key elements of the 
instructional process may be predominately economic and positive. (The term 
** industrial** in this discussion is used in the broadest sense, encompassing 
all private sector and non-defense public sector educational activities 
outside the education system.) Where personal computers are demonstrably 
superior to, or faster than, more traditional teaching techniques their use 
can be directly translated into dollar oriented cost/benefit terms, without 
consideration of the earlier concept of job satisfaction, personal enrichment, 
etc. As national attention increases concerning issues of worker productivity 
(see Chapters 5 and 6), the aforementioned virtues of personal computers for 
simple task ^ocedure training and factual knowledge assimilation will be 
translated i^uo direct economic terms. In our development of market growth 
estimates for office oriented computers we considered that training 
applications would constitute an important aspect of the development of the 
market. 

Personal computers will also be seen by perspective government and 
district purchasers as a relatively inocuous means for producing office 
automation technologies into their organizations. Since personal computers 
tend to be less threatening to computer naive users, in our experience, they 
provide a means of subliminal training, through the use of games and other, 
apparent work unrelated, strategems. 

Notwithstanding these incentives for adoption of personal computers in 
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government and industry, some of the same barriers to their adoption exist as 
are present in the educational system. These include fears of loss of control 
of software and hardware standards within the user organization, fear on the 
part of employees that the Introduction of personal computers, even if only 
for educational purposes, may be a prelude to increased unemployment, 
purchasing decisions based on price rather than value received and similar 
considerations discussed previously. However, even though these concerns can 
be real dcterents, arg\imcnt3 for, and demonstrations of, increased 
productivity are likely to dominate in the long run. 

Some of the same technological consideratins that are fundamental to 
the development of personal computers in the eductional system, are also . 
present in industrial and defense applications. As in the case with the 
educational system, concerns tend to be centered about the development of 
appropriate, high quality courseware. For example, Wolfe and Williams predict 
a total hardwire cost for a 1983 personal computer using a 16 bit 
microprocessor at the higher level language LISP, as just under $9500. (Wolfe 
and Williams, 1979). Their projections for machine costs are shown in Figure 
4-2. The discussion by Wolfe and Williams goes on to list the following 
specialties for which computer aided instruction might be most appropriate: 

Boiler Technician 

Data Processing Technician 

Electrician's Mate 

Engineman 

Electronics Technician 

Fire Control Warfare Technician 

Interior Communications Technician 

Machinist's Mate 

Operations Specialist 

Radioman 

Sonar Technician 

Excluding the uses of personal computers for basic training in literacy 
Ccomfwter or otherwise). The following rationale is given for hardware 
purchases: The conservative assumption is made that prices will not decline 
after 1988, but will level off to $3000 per machine. Maintenance costs are 
assumed to be 102 of the initial purchase price, and equipment is replaced 
after 5 years. The program levels off to $3.6 million a year for a constant 
inventory of 4000 LISP machines. These figures can be compared with the 
Navy's total budget of more than $1 billion a year for special skill training, 
not including Fleet exercises and on-the- job-training. As another comparison, 
a single training device such as the Havy Electronics Warfere Training 
Simulator presently costs over $30 million.- 

Wolfe and Williams go on to assess software costs as high as $5 
million per major application. This is an order of magnitude higher than the 
courseware costs discussed in the section on Primary and Secondary Education 
but it is still readily justified by productivity considerations (using a 
amortized cost per student hour of $1.83). Furthermore the type of capability 
projected by Wolfe and Williams for the LISP machine is considerably in excess 
of that required for many forms of primary and secondary education. 

In parallel with our assessment of personal computer technology we^ 
conducted a questioaaaire survey of small businesses in the Los Angeles area 
in an attempt to assess attitudes toward personal computers. Seventy one 
small business owners responded to our survey. Over 75% of the respondants 
rated their knowledge about and experience with computers at a low to 
Intermediate level, the majority being at the low level. Ninety eight percent 
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were willing to ceach themselves or th^iir emplc?y«5f.viri to use a personal computer 
for business purposes. The average cost estinan^sr; by the respondants for a 
computer suitable for their businesses was jusi: under $16,000, although the 
average price they would be willing to pay for a business computer in 1979 was 
$8700. Most respondents overestimated the current cost of personal computers 
for business use by a factor of 2 or more. 

The current gap between the demand for trr agine^rs and 

scientists asd the supply being produced by unive ci£:v in the United States 
is exacer abated by a declining currency of the ed received by new 

graduates, according to Donald Glower, the Dean oi ^^aeering of Ohio State 
University (Science, April, 1980). "Our graduates are going out into industry 
not knowing the technology of today. They have been trained the in technology 
of yesterday, accord:'jig 'i- "^.ower. As a consequence the industrial 
organizations hiring th^:-^ graduates find themselves in the position of 

having to train them lu v:= n^ed technologies. Personal computers, in our 
estimate, will gain imt; ^-'.^j Importance to these firms in their training 
operations. 

Evert at the ciore fundamental level, computer literacy is becoming a 
minimum requlreaent. Arthur Luehrman cites the example that current practice 
at Pacific Gas and Electric Company is that 80% of new jobs in that firm 
require coapucer understanding. An applicant with from 10 to 20 hours of 
hands-on experience is almost certainly hired (Luehrman, 1979). 

Contiawed anecdotal evidence such as the above leads us to the 
«.onclu3filon that, despite the existence of some barriers which are comparable 
to chose in the ^ducatioxi system, the Industrial and defense market for 
e>iucatiottai applications of personal computers will be largely market driven. 
In many aiSiSS this market will be larger than it might otherwise be as a 
conseqiiCGce of failures of the educatinal system to meet demand for training 
in computer literacy and other fundamental topics. 

Consumer interest in the educational uses will cover the broadest 
possible spectrum, from astrology to zymurgy. Parents will wish to duplicate 
or enliacce instruction and practice sessions received by their children at 
school, hobbyists will wish information and practice on their hobbies, from 
automobile repair, to morse code practice, to typing instruction. 
Professionals will wtsh to update their skills at their own pace in their 
homes or offices. And so on. 

The primary barriers to the use of educational technology by the 
consumer appear to be related co the cost and quality of courseware. These, 
in turn, are affected by the standards, copyright and marketing considerations 
discussed previously. For many subject areas, courseware available to 
consumers till be generally equivalent to that used by the educational system 
and/ or industry and government. In other cases, particularly those involving 
hobbies and cultural topics such as computer graphics as an art form, 
computer/electronic music, etc., the market may be consumer dominated. 

4 Public Fc .xcy lapllcaclons 

The preceding material, based on the best evidence presently available 
to the research team, leads co the conclusion that the market process will 
probably serve quite well for many of the applications of personal computers 
to education, particularly those that are outside the educational system. 
Personal computers have a substantial and rapidly growing potential for 
effective use in a variety of educational applications but, in the education 
system arena, much of this potential may not be realized unless there is some 
form of intervention in existing market patterns. The Federal government has 
an important but often indirect influence on the state of education in the 
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united Scates» Many of the direct changes in educational policies and 
practices occur as a consequence of state and local actions* Consequently, we 
have treated these as well as Federal policy implications* 

4. 1 Federal Policy Options 

The Federal Government has a variety of policy options and instruments 
by uhich it can influence the impact of personal computers on future 
education* The basic role of the Federal government in education can be 
viewed as that of a marlcet aggregator, lending order to an otherwise highly 
fragmented situation* Two aspects of the development of educational 
technology can be influenced by Federal policy: I) the supply and quality of 
educational materials, and 2) the economics: of the educational technology 
market* 

Table 4-2 lists estimated FY 1979 Federal Education related 
e:cpenaiiLures* As the table indicates, the new Department of Education (listed 
in the table under Health, Education and Welfare), although the largest, is by 
no means the only big spender among Federal agencies* For example, the 
Department of Labor spends more on vocational and contriuing education than 
does the Department of Education on either primary and secondary schools or 
higher education* The Veterans Administration spends about 40% as much as the 
Department of Education on higher education, through various GI Bills* Total 
Federal Expenditures for education in fiscal y^ar 1979 were estimated at just 
under $31 billion, according to the U*S* National Center for Education 
Statistics, Of this amount, $9 billion went to higher education institutions, 
$6*5 billion went to elementary and secondary education institutions, and $6*3 
billion vent to vocational and technical schools, all in the form of grants* 
Clearly> the Federal Government has a vital economic role in the support of 
e4ucatica within the United States* 

Tlie mosr fundamental role is played by Federal support of basic and 
applied research and development of educational technologies and courseware* 
Estimated FY '79 Federal Expenditures in this category were $5*4 billion* 
This support ranges from basic research on cognitive processes (that is, 
understanding the ways in which different people think and the relative 
effectiveness of various techniques for teaching), to the development of 
specific '*coursev-«?.ra'* for teaching well-*def ined subjects* Because the 
development of ccv yeware for computer aided learning is highly labor 
intensive, it is important that the best qualified teachers and instructional 
technologists be used and/or that sophisticated course development software be 
developed as an aid to the courseware authors* It would appear from our 
research that the costs of courseware for g' neral education under forseeable 
market conditions would at least equal hardware costs for a well developed 
completer assisted learning curriculum in 1990* Our Delphi panelists felt that 
funding for this development effort is unlikely to be supported solely by the 
Federal government* If traditional paths are followed, the Federal role would 
be to support the critical core efforts, particularly in basic research in 
cognitive processes, and development of prototype courses in a variety of 
fields y so that broader developments could be undertaken by the private 
sector* In his summary of the ideas presented in "Technology and Science 
Education: The Next Ten Years - Perspectives and Recommendations," Lipson 
states : 

We need to make explicit what is meant by such ideas as 
"understanding," "common sense reasoning," and "^acit and intuitive 
knowledge*" What is the difference between the way a novice organizes 
and uses knowledge and the way the expert does it, when each is faced 
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SCHOOLS 


HIGHER 
EDUCATION 
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CONTINUING 
EDUCATION 


OTHER 


Health Education & Welfare 


5400 


5k2k 


278 


546 


Agriculture 


121 


12 




2958 


Commerce 




5 




16 


Defense 


383 


1 


3 ' 


836 


Energy 




3 


1 




Housing & Urban Development 


2 


52 


1 




Interior 


396 


40 


60 




Justice 




35 






Laoor 


- 




5552 




State 


9 




2 




Transportation 




1 


17 


30 


Treasury 






14 




Other Agencies 










Appalachian Regional 
Development Cofnroission 


32 


3 






National Science Foundation 


3 


28 






Veterans Administration 


66 j 


2008 


391 





Source: National Center For Educational Statistics 
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by a similar problem or cask? How does one's world view affect the 
way a decision or problem is attacked? In order to build a 
computeic-ba'^ed learning environiaent that is appealing, significant, 
and effective, we need cognitive theories (i.e., theories of complex 
human t.^inking) that bd.ve a degree of completeness, precision, and 
specificity unprecedented in psychology educational theorye Thus, the 
attempt to build a computers-learning environmeaJ: forces ui^.j first, to 
be serious about cognitive theories, and second, to use ta* ^.earning 
environments we develop as test beds for the theories. (Lipsoa, 

: 30). . 

Clearly, a fairly substantial amount of development of computer assisted 
learning courseware can proceed with our existing body of knowledge, 
particularly developments which convert courseware from older, larger 
computers to microcomputers. Nevertheless, for the long term it appears that 
this fundamental research is keyed to future developments. In general, such 
research is likely to be supported primarily by the Federal Government. The 
research should not be confined to the learning processes of children. Adult 
learning should also be investigated since many of the applictions of CAI will 
be adult oriented. 

Coupled with the research on cognitive processes , and development of 
pilot CAI and other computer based learning programs, might be a series of 
longitudinal surveys of the effectieness of such programs* Our Delphi 
Panelists indicated that positive results from experimental programs 
validating the effectiveness of computer based learning would have substantial 
impacts on both home and educational system uses of personal computers. Such 
demonstrations would have additional leverege in that they would stimulate 
independent production of courseware by individual teachers and by educational 
publishers. On the other hand, the general development and distribution of 
low quality and/ or trivial courseware could have equally great, and possibly 
longer lasting, negative effects. 

In addition to its role as su>l^.^'rter of various forms of research ana 
development related to the production of improved courseware tli*^ "^(^deral 
6overQm?.at also has a role of developing hardware technology. foremast 
among the iimnediate prospects for research is the use of videod^^^^cs and mass 
storage technologies for use with personal computers. There are two basic 
technological objectives in this area. The first is to develop, or promote 
the development of, high-density, low-cost, high-speed memory (one megabit 
RMiSy for ei'ample) to support high speed, multicolor computer graphics and 
i,ar;^'Q co;; >3ware packages^ The other focus might be on the development, 
inclurJxng ^Tystem integration problems, of videodisc or other (as yet 
uniaentif ied) hlgh^^density secondary storage technologies. Tliese developments 
nust occux concomitantly with the courseware developments. 

For all of the development areas just listen* - particularly at their 
prer^nt) Ini.^ial stages. It seems clear that Federal support is required. The 
aarket is n:>t [^^r ^1 enough defined, apparently, for substantial private 
.sector invf^Stu^aent co occur. Uowver, this Federal role, although necessary, 
may not be £?:.iri:icient ^ The developed materials must be useable by a variety 
of institutions > using a va,tiety of personal computers. 

Thi£& furtlier requirement leads to a necessary accompaniment to the 
Federal role of research and development support t leadership in the 
develornnent and coordination of uniform standards and guidelines for the 
computer-based educational materials. Two types of standards are of greatest 
importance: I) those rela^:ing to minimum acceptable quality of developed 
courseware, and 2) chose requiring a high level of transportability of 
developed courseware among a variety of potential computer systems. The 
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latter element is of particular Importance when one considers zh^X a typical 
complete one-year- course suitable for use on a microcomputer may cost 
anywhere from $100,000 to several million dollars (Including marketing and 
distribution costs), depending on. Its complexity, number of options available, 
extent of Interactivity, etc. At the present, diversified state of the 
personal comiMter industry, there are very few computer applications progra.ms 
which are useable with large numbers of different computers c 

As an example of the present situatin, Apple Computer, Inc. is 
marketing their microcomputer and associated software to the educational 
system through an agreement with Bell and Howell; Atari has contracted with 
Dorsett Education, Inc. to develop educational software for. secondary 
education systems; Milikin Publishing Company is marketing mathematics and 
other instructional software packages which may be used with the Apple II, 
Pet, slid TRS80 microcomputers; Texas Instrximents has announced a relationship 
with Scott Forasman Publishing Company. Presumably using the latter 's 
educational software development and marketing capaility. (Microcomputer 
Education Applications Network, 1979, 1980). Although one of the same 
publishers just mentioned is marketing different versions of the same 
software, usable on different personal computers, in general it would seem 
more logical to assume that individial hardware manufacturers might strive to 
insure that the courseware produced is compatible only with their own 
machines, thus limiting transportability. 

If transportability is not achieved, then it would be necessary either 
to develop uniform equipment standards (generally by fixing them at present 
levels of development which might seriously slow the rate of technological 
development of the hardware), or to allow one or two companies to dominate the 
education market. The latter action, or consequence of a failure to take 
action, would result in the creation of a de facto monopoly (or oligopoly) 
position to achieve software transportability. 

Quality standards and guidelines can be at least as Important as those 
relating to transportability of developed materials. The development of high 
quality courseware requires wbstantial Investment in expensive, scarce 
resources: Imaginative and accomplished courseware authors. Economic 
considerations would generally lead to emphasis on the development of 
courseware at "acceptable" level of quality for the minimum cost, particularly 
if the publisher were not considering a mass market for the product. The 
experience with television programming leads us to conclude that there is a 
high pr-^ lability that courseware developed for mass markets would be trivial 
or of relatively low educational value. I^ess minimum standards are adopted 
by some organisation with a major influence in the edticational market. This 
need not necessarily be the Federal Government. 

In additiosi to the role of development of versatila. transportable, 
high .'itiality educational software, th.^re appears to be a Federal role in 
evalviacvlag the broader ^x^onsequencft^ pf the uses of educational technologies. 
As mentioned earlier, educaticmal tecbxiology, however effective it may oe, may 
only have an influence on the breadth or incremental rate of learning of 
children. Motivation, -readlaesa," and other external factors may play a 
significantly greater role. ^Nevertheless , computer aids to education may be 
particularly effective In some educational modes. A Federal role could be to 
develop evaluation standards and sis^rport longitudinal and other studies to 
assess the relative effectiveness of vari s3 approaches (as contrasted with 
the CAI effectiveness studies discussed earlier). In this way emphasis can be 
placed on maximizing benefits - or minimizing disbenefits - of the technology 
over the long term. 

One critical factor in the rate at which the private sector may assume 
the long term responsibility for development of low cost, effective. 
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transportable educational materials Is that of patent and copyright 
protection. As stated elsewhere in this report, there is, in practice, 
essentially no existing effective means for the protection of the property 
rights of the creacor of computer software. There is even considerable 
uncertainty as to whether the software creator has property rights in his/her 
creation. This issue is a serious one in many aspects of the applications of 
personal computer technologies but may be particularly critical for 
ed ucational applications. Even under existing law for printed educational 
materials the fairness" doctrine limits copyright protection by allowing 
extensive, royalty-free copying of educational materials by schools and 
teachers. The prospective publisher of courseware is thus faced with the 
prospect of recovering his investment with a very few, rather than thousands 
of sales, (and unrenumeratlve to the publisher) copying. This presents a 
situation entirely counter to the concept of market forces being primarily 
responsible for low cost personal computers. 

Federal actions can also play a direct economic role in the rate of 
growth of educational personal computers. First the government can directly 
purchase personal computers for distribution to various school systems and for 
its own use (for example, by the Department of Defense. A more 1^' 3ly role 
for school support, however, is that of Federal support of personal computer 
hardware and software purchases through various education aid programs, such 
as Title III of the Elementary and Secondary Education Act (ESEA). The 
government can also indirectly influence purchase through mandated 
procurement , in which Federal support of certain education programs may be 
contingent upon purchase by the recipient agency of educational personal 
computers. To be most effective, either version of this mpport should be 
accompanied by the standards considerations just discussed. This procurement 
support might be general oi specif icially directed toward alleviating some of 
Che a^^iV'^^y issues discussed earlier. Possible techniques might include 
rr<\^^^% vvf PC packages in minority area schools and libraries, specialized 
ttainlig of s^eachers in those areas and the development of special, minority 
Ji^^ictod curriculum. 

finally, the government plays a major role in development of 
tacdtlonal pc].i.cies at other levels through its widespread information 
Jiaseminatiott activities. Two such activities have been itt'ider consideration 
in Congress. The3e are: HR 3822, which would amend Title III of the ESEA to 
establish a National Center for Personal Computers in Education, and the 
broader scope HR 4326 to e«»tablish a national commission to study the 
implications of information technologies in science and technology education. 
HR3822, which is currently dormant, would establish a single national center 
and, ultimately, several regional centers which would act as clearinghouiies 
and as centers for development, demonstration, and testing of courseware and 
personaV computer systems for educational purposes. Although this Center 
appears to be an excellent idea, the Select Committee on Education did not 
even schedule hearings for the bill. The purpose of HR4326 was to study the 
implications of information technology over the next 20 years with emphasis on 
•"The Effect of Such Technology On Education and Lifestyles." The stud'' would 
include forecasts of requirements for computer literacy, effects of computers 
on school financing and taxation, me'^ns of increasing private sector 
involvement in computer related education, and cost benefit analyses of 
training teachers in the use of computers. Although hearings were held, the 
bill is not being pursued sinde, ic the interim, the Departiiient of Education 
was created and che sponsors of the bill felt that the study might be more 
appropriately performed by the new department. The Department of Education is 
likely to have a major role in the dissemination of information concerning the 
potential capabilities via the Assistant Secre ary for Educational Research 
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and Improvement. Other Federal information dissemination roles include 
continuing support of regional and/ or personal computer-oriented information 
centers such as the Northwest Regional Educational laboratory. 

The critical point to be made here is that the development of quality 
educational technology for microcomputers is expensive and consumes scarce 
resources (independent educators and computer programmers). This can easily 
develop into a continuation of the cottage industry situation, replete with 
small entrepreneurs (individual teacher programmers), none of whom has 
sufficient staff to create truly competent courses. Federal Policy as 
developed and promulgated by a number of agencies, can act in this situation 
to provide some integrative influence without stifling the competition 
necessary for the creation of innovative programs. 



4,2 tlon-Federal Policy Options 

Non-Federal public agencies, private groups, and individuals can 
influence the rate and character of the diffusion of personal computers in 
education. In addition to support of research and development, 

iavj^raation dissemination, and procurement alternatives, similar in nature to 
Federal options, there are some specifically non-Federal options. 

The most central of these state and local options involves teacher 
training and motivation . Unless the great majority? of teachers learn to treat 
personal computers as useful aids rather than threats to their jobs, personal 
comiwters are not likely to be used extensively ixx public school systemso 
Furthermore, unless teachers are trained to use personal computers 
effectively, they will not materially alter the educational results' the 
depth, breadth, and quality of oj^ducation provided our children. Flnaily, the 
de facto objectives of the scfaooX system toust be changed from "babysitting" to 
maximizing the performance results of an educational process carried out over 
a period of 12 years. Otherwise, it is not clear that personal computer 
technology will hav<2i a major effect on any but the brightest students. 

The broad acceptance of personal computers in education also depends 
on accredit::ation . In general, the accreditation process is a reactive one; 
school c;5rricula, course contents, etc* are developed and evaluated by state, 
local and/ or regional accreditation committees for adequacy and suitability. 
The accreditation committees do l. .c dictate curricula, courses, or 
tecbtiologies used by the schools desiring accreditation. However, if 
individual schools and/ or school systems using personal computers are given 
recognition for that use in their accreditation, the expected result would be 
a more rapid rate of dlffxiaion of the technology throughout the country. 

The rate of diffusion of personal computer technology will also be 
af fecti: d by pressure from interest groups outside the direct operations of the 
school ay3v.*2m. These groups include parent teacher associations, industry 
spokesmen (ixs prospective employers), and individual concsmed parents. For 
example, iXAtt>XQist in, and access co, ewucational U4ie of personal computers is 
quite high in the San Francisco Bay area, the home of much of the 
microelectronics indust^'y* This is also true in thz State of Minnesota, where 
there is a well developed consortium for educational computing, and in 
MicL an, where there la program for dissemination of information on personal 
computers to the edticational community. 0^-. " i:he questions in the 

Second Round of our Delphi Survey addressed ..no n as follows: General 
public ownership of PC's exceeds 75%, therefore, the educational system is 
forced to make use of them. Our p.^^n^lists felt that the earliest ti:^^ such an 
event might occur would be in r.he 1980 's, with the most litel:' tS/Zri around 
1990. The Icsy factor tending to make this scenario possible would be the 
reduction in cort of an educationally competent personal computero that of a 
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TV set. However one of our panelists was more optimistic, stating "This is 
backwards. I feel chat this cime education is leading the way . . - .first 
exposure [of children to personal computers] is occurring in schools" however, 
active as the protagonists of personal computers within the education system 
may be, their influence is not yet generally felt. In fact it appears that, 
unless policies in the traditional "educational establishment" change, these 
external interest groups may have the greatest influence among all the 
possibilities for increasing the rate of diffusion of personal computer 
technologies in education. 

Finally, of steadily 'Increasing popularity in a number of states, is a 
set of alternatives to the public education system as it exists today. If, 
and as, quality software for inexpensive personal computers becomes available, 
adult learners and parents may opt for a return to the home as the primary 
learning envixiciment for themselves and/ or their children. One consequence of 
this scenario would be decreased use of existing school facilities. Since 
enrollments in Kindergarten through college are expected to decrease anyway in 
the 1980 's, this would put further pressures oa school budgets. 

Another possibility often mentioned is the voucher system. In this 
system, which has been discussed for decades, individual parents would be 
given vouchers worth a fixed amount by their state or local school boards. 
The parents would then be free to "spend" these vouchers at educational 
institutions of their choice. The voucher system is also claimed to have a 
major influence in increasing competition between educational systems. To the 
extent that this competition would increase the quality of education, force 
general curricultjm updating, and put greater emphasis on the production of 
results rather than babysitting children, the voucher system could win the 
votes of many concerned parents. Through the curriculum updating proce^ 
there would likely be a conse lential general increase in the use of personal 
computers in education. Howver, the voixcher system also has great potential 
for negative results. It can be used to resist school integration. It may 
result in even greater fragmentation of the education market, causing further 
inefficiencies in the development of education and educational technology. 
Nevertheless, it is clear that public pressure will increase to explore 
alternatives such as these if the existing educational establishment does not 
mend itself. 
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CHAPTER 5: 
THE PERSONAL COMiPnTER AND EMPLOYMENT 

1« Backgrouad 

The econoalas of the (Jolted States and the other developed countries 
in the world are information dominant. About half of the labor forces in 
these economies are engaged in information processing of one sort or another* 
Consequently, any new information technolcjy la likely to have a material 
effect on the laature of the economy and ti\^ balance between its factors of 
production and ccmsumptlon. Personal com(witera, as the embodiment of a 
continuing reduction in cost and iiaprovyttSiStnt in capability of computer 
technology u^u.; therefore, be expected to have a major effect on the 
information ecohtnisy* Or so the theory goes. 

Displacement Mechanisms 

There are a number of ways in which the introduction of personal 
computers into the workplace can affect employment. A " simplified- flow chart 
of some of the alternatives available within a single company or agency is 
given in Figure 5-1. Personal Computers can: 

1. Eliminate jobs by automating them 

2. Create jobs by allowing new functions to be performed 
which otherwise would have been impractical 

3. Alter jobs by increasing (or decreasing) their 
value and infomatioh manipxilation power. 

4. Have no net effect. 

As Figure 5-^1 intimates, within an organization cf reasonable size it 
is quite possible that each of the above will be the case in some portion or 
another uf the organization. These substitution or augmentation consequences 
of the introduction of personal computers can occxn: within single units of an 
organization, within the entire organization, between organizations in an 
industry or sector of the economy, and within the entire economy. Although 
the question of job alteration, changes in job satisfaction, and job variety 
or stvltification are of great interest in our office automation research, the 
prl- i^i^'ir term concern of most of the major stakeholders in employment 
issv * :he basic question of employment: will personal computers result in 
more i^t. juewer Jobs? 

The basic considerations are shown in Figure 5-2. As the cost cf 
computer technology decreases and as its versatility increases, personal 
computers will beccae increasingly able to take ove routine information 
processing tasks ^ich are now performed by people. The basic decision by an 
organization's management is an economic one, although it may be tempered by 
non-economic considerations. The basic economic consideration is that the 
cost per unit capability of personal computer hardware is decreasing at an 
annual rate of from 20% to 30Z, in real terms. Personal computer software 
costs for many routine office functions are now, and will be, decreasing at a 
rate comparable to that of hardware as the software becomes available via mass 
distribution techniques. TW.s is particularly true for financial and text 
processing software. At the same time, the cost of l^bor to perform 
information processing functions is rising in real terms at an annual rate of 
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bv TnfrlLi """r* increasing labor cost is generally unaccompanied 

by increases m productivity. Productivity may even go down if the incwases 

iroS^?vJ^"'r *° " ^'^'f* °' '^"^ strained wofkeJs TraaJtioSuy! 
KchSJogy!^ increases primarUy as a result of the introduction of S^te? 

At some point, where the cost per unit capability of the oersonal 
rSr^^^""" sufficiently low relative to the'same cost for a^^^^ 
h! d?!ni ^^'r^S'^i computer will replace the human and the human worker will 
JpnfJ^^ '^C °' ^^^^ displacement results in unemploy^^f 

JnS!v?H °^ °f the firm and of the industry, the ability -of the 

iew L'Se^^'of °io1s Sici''' ^o a different Job. the existence of a demand for 
?hus Se workir dir^f^if ^ computers, and similar factors, 

be "i^viJhfv^ « ! f ! personal computer may be fired immediately, may 

be invisibly fired (that is. when the worker leaves for some other reason he 

11 a fmit of T "^"^ — <i to a simS^r job 

ilt^^tl Jli i "'^f^i^^i^n «hich has not yet acquired personal computers 
but wnich will in the future), or nay retrain, or be retrained, for a^w Job. 
in«nH w ''^"f specific direct employment effects of the 

ihJ^h ^ personal computers, there are broader forms of unemployment 
Which may be partially attributed to the use of personal computers. S 



1. Structural Unemployment - in which available jobs require skills 
not possessed by available workers, or other mismatches .such as of 
location, occur. 

2. Capital Deficient Unemployment - in which local industry uses 
obsolete or inefficient equipment and therefore cannot compete in 
the market, experiencing net loss in income and jobs, and 

3. Demand Deficient Unemployment - in which there is insufficient 
demand for the product being produced by the organization, whether 
the product is macnine screws or information. 

present S^I^f^™!^^ " ^ ^ reasonable amount of structural unemployment at 
llt^T. ^ ^f°™ftion «,rk. A recent spot check of the classified section of 
the Los Angeles nmes showed that, of 5,000 advertised job openings, 75% were 
for information workers. Twenty three percent of all opening 'fere for 
secretarial and clerical workers, including 1% of the to^al for ^rd 
processing specialists. Structural unemployment provides an increased 

f^Sil! ^f^^^"^ ^"^"P"' " automate the information processing 
functions for which structural unemployment exists. This factor, shown in 
Figure 5-2 as the dashed line, would tend to cause an increased raleTf 
diffusion of the information technology. 

» ^ Capital deficient unemployment in information industries miaht be 

to^^ '.^ t'.^t'"^''^ °' '"""^ ^° 1^^^^ °f automa^ilradequate 

^L^rf^^r . ^ ^^"^ personal computers, because of 

?n«fip^ i" ^"k'^^ capability as older, larger machines, may act to 

^"'^"^^^ employment by making the smaller businesses more competitive. 

h,, r^,.u ' ^ ^^^^ ^ ^^b^'^ °f plausible mechanisms 

inf^^^^'f^ computers nay be us^ed to displace human workers in existing 
information jobs. (Many observers, particularly in trade unions believe that 
microelectronics also have great potential for displacing blue collar workers 
or converting them to white collar workers, via robotics and other fJr^sol' 
manufacturing automation.) Personal computers also, because of their ability 
to cake on the more routine and tedious information processing tasks, provide 
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avSa^e °^-f2frLT!L'^" a«Ploy«ent which would not ochervlse be 
SrSS^J'co"ouSr S"?""."' developments of mLr^processors and 

hx^s^B^^ :f .r:c«^Sc3-L— ^^^^ z ^ 

»U1 hold for o'JL'r^c^r'sTir^^oalir^ tl^ '""""-tlon of co.p„t„. 



2* Overview 



data proc'::,Ji,"S.TLr^ ^I'^r^n^^l""?" °' 

H»i" r ^^^^^^^^ 

the «pl^t"^S»SILe1 oTLHIL'?'"' " """"o-. «a=l-atl=n of 

Tr. t.u7« 17 ^°^^®<iw°ces of personal computers becomes extremely difflrnit- 

genelil Z^tll <il«cussion will oSHell 2" ^ore 

SLh'^o'^Se" contSt'^fo^'th^e ^"-^-"-i". or with eeployn^nt oattSs 

generarco^rusioTor^rse^tionrS^t'Lf J'r"'^ computers. The nK,st: 

seccion is tnat the employment conseauences of 
personal computers are largely inseparable from, or SdlstSgSsSSe f^oa 
uhe employment consequences of other technological innovation 7 F^w L^y' 
policy issues -miaue to personal computers can be identified! Few S 
policy responses specific to personal computers can be de8lg;edf \,StSless 

«SoreJ .^"f computers and related tec^ol^gies ^n be 

explored and estimates of Job loss or gain reviewed. 8 e can oe 

Barriers to applications development and utilization ar- n„fHr,»^. 

lolZTrl ^^^'---'^-^^y of coTpiier" ?h: L;^ci of ' ' 

computers on the nature of work Is then projected. Finally. thrSlt^cal 

feSlbUitv Si ""'^"^ ^ ^° establish some'^^S^cL. 

not thff ^ ^1 '° '""^ discussion. In terms of policy releJ^iJe. It is 

not dear tnat the employment consequences of personal computers reaulr^ 
attention apart from the similar consequences S anrtecSg"ar^Sclal or 

losri^/^°''-i/""'"'^ °' P"'^'^^ those'of iirect ]ib 

loss and generally associated with broader technological change are outlined 

Fiie^L'^LSf??;."*'? °" bfoader Ssues SclSJe 

ITJ "^Ponsibllities for the establishment of data resources for 

imS^SJonfi''^' ^^%P°"i'>^it:y of a labor-surplus economy^d its 
% computer applications; and worker involvement in the 
mitigation of disruptive consequences of technological chSgJ! * 

3o The Environment of Employment 

In this first section of the review, employment and unemployment 
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™ ^ ! reviewed in a comparative perspective involving industrial 
economies in general. The purpose here is to provide a contLt fo^ 
understanding the small movements which might be attributable to the o^r^nn.l 

S'^'n;ies' intellLtual 2 "ell 2'e%o'nom'Jc ZlZv- 

The policies pursued Co cope with unemployment are also part of the 
environment of employment for this study. ^ 

^^^^^ policies are ineffective or without credibility in general 
then they cannot be recommended to government as responses to the Lplo^St 
consequences of personal computers. Likewise, the consequences of ^cm^^s 
?«t,Sir " ""'^ ""'^^ "^^^ socioeconomic contexJ of equipment^ 

fi^igr^I^e."^^.^ — 

Droblem«"^\^T^^°'^'.^ general, is that all ind-istrial countries face common 
uSv to "^t ""^'"Pl^y^^^t, and that personal computers are nTt 

^^^-a^oi* ^ anything like an employment policy in other than a simple 

JllX r^*^ ^'"'^'^S '^^"'i" °f job development and 

unemplcyment are either intellectually discredited or implemaited in the 
political^ world in ways that defeat the intellectual core of the theory! 

™^^h the major employment trends reflecting long-term demoaranhic and 

coTpitf^^Sob'S^rec'^'^^^'M^ °' ^"'^^ technological iLovationTL S^LSl' 
computers, global recommendations are out of place in this study of 

employment. Rather, the concluding recommendation for this section is for 

government to eschew policy interventions which, in the na^e of temping 

tec.^..ologically displaced workers, instead encot^age both younger a^d older 

workers to retreat from the labor force. 

3. 1 Eaployaent in Coaparatlve Perspective 

inh •"^^"'^ policy-relevant concern involving personal computers is the 

^2di ^ consequent upon their widespread use. In Europe, the 

are':tr"ii°ne.''2ir1?"' °' ^""^ ^""^ microelectronics'^^ich 

decade llr^^i ^ percent or more in some service industries over the next 
decade. Were these projections to be realized, the attendent social 
disruption would dearly be a matter for governmental concert evSl^ th- jobs 
were matched by new jobs in other industries. As a prelude to an anDraisal of 
the policy implications of massive job loss or displacemSt, toSvSrsome 
discussion of ^ployment and employment policies will first 'be uJd«taSn! 
IhL I . cvrrent policies and the theories upon which 

they rest are adequate to the problems at hand or foreseeable. 

Full employment, economic growth, and price stabUity have b^an 
avowed goals of the governments of most industrial countries since the great 
depression of the 1930s. In the past decade the possibUity of ^cfof 'these 
dl^htJS^^ <l""^i°°ed and Che wisdom of growth itself has also been 

doubted. Price stabUity has appeared particularly elusive in the Uhited 
States during the 1970s. Full employment has been found not only dSfJcult to 
the^L'of ^"f^"^%^° -St seriously, the poUci'eslfrs^d Z 

the name of employment creation have been increasingly found lacking either 
because of ineffectiveness, or because of undesirable siSfeffecS! 

. ^ section, employment in developed industrial countries will be 

in thrlQ«n^' unemployment problems of the 1970s are projected 2^d«ating 
in the 1980s as demographics change. The shift from secondary to tertiary 
sectors seems likely -to continue, with due recognition to J.J Srsh^iy""^ 
toSi^v' fr t "^^"^ distinctions in Beyond Industrial 

Society. (Gershuny 1978) Labor force participation ratiTiil m to be decl ining 
la some countries in spite of the widespread increase in the participation If 
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bSS;t.^'^M'"^'T°'' "^^^""^^^ schooling, and more liberal disability 
benefits combine to lower the labor force participation rates of men 

SX"bv'«S'/%r"^^^/^^"'^'^ " suLt^^tLr distortions 
f" tfZLl^c^L requirements, a lack of meaningful standardization 

T ""Parlsons. and the existence of unemployment benefits offering 
high net «age replacement percentages. Youth are kept from the labor Srtet 

• wlgf^r^n^f ilf "^"J "^t -'^^e'^^'"" high mSimi: SgS'^y 

wage and benefits coats that make capital equipment more attractive than 

5^em;i r^r" ^ pessimism about future SoSm^c Lo^S. 

! ; ^ ' ^ ^P^'^^ °f ^8h measured unemployment rates 

imlgrants legal and otherwise, continue to find employment Sparge n^bers 
avSab^e^ : "^f attractive tha'n ?^e Lefits'^so ' 

ioftr^t^nn """''"^ ^° work unattractive, and new 

job creation uneconomical in the face of current uncertainties. 

3.1.1 International Trends 

Using a four-sector model of a national economy. Sabolo (1975) 
lllitlT. fi^"" toemployment from 1960 to 1990 i^ almost aii of the 

thirteen w,rld geographic regions. However, he sees the unemployment growth 
which characterized developed countries in the 1970s reversing ifSe ?9^ 
ser^^Lr^^f" developed countries, growth will occur in sLtor III ^ 
llZt Z f employment will remain unchanged, ^d the 

?r?ablT5!! °" proportions for 1980 and 1990 are glJen 



TABLE 5-1: 

Proportion of Employment in Each of Four Sectors. 
Developed Countries. 1980 and 1990 



Sector : 

T , , 12B 1990 

I Agriculture Jg^ yrs 

II Manufacturing. Mining. 

Energy, Transport 30 28 

Ixl Services. Financial 

Institutions 31 27 

IV Construction, Commerce, other 23 23 

|^^12f6°(;ec^'i°i:?7'?5."^' unemployment. 19601990- International Ubour 

Stio'^s^of'shlL^n™"''" ^^^^ aggregated, yet fit with widely disseminated 
rn.i!w ^hif^^^fro" secondary to tertiary sectors In industrialized 
countries, and the declining birth rate in these countries. Sabolo 's 
projection of unemployment as a worldwide problem helps place American 
problems in a wider perspective. ^ aaerican 
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3.1.2 Labor Force Participation Rates 

nations 2suL^°!f l""/?^""^ unemployment problems of developed 

^ItT, ^ part, from an increase in labor force 

!nf participation rates are considered historically high. 

S tie u1"^i^L^K«'"°1 '° be rtsing. Female labor force participation ratfs' 
s?n,?!r. ; increasing, and male rates decreasing. The situation is 

or«^L^ f"^ industrial countries, but hardly in all. Tabled" 

provides data on nine countries. ^.duj-c j ^ 

Ei.ploy«ent Ratios and Trends in Nine Industrialized Countries ' 

1970 and 1976 ' 



COUNTRY 



1970 - 1976 Range 



TREND 



COMMENT 



Sweden 

Japan 

U.S. 

Great Britain 
Canada 
Australia 
France 

German Fed. Rep. 
Italy 



61 




64% 


64 




612 


56 




58Z 


57 




59% 


54 




582 


60 




59Z 


56 




54Z 


56 




5ZZ 


46 




44X 



up 

down 
oscillates 
oscillates 
up 
down(?) 
down 
down . 
down(?) 



female up, male down 
male and female down 
female up, male down 

female up, male down 
female up, male down 

female up, but* 



^h^rrh!^"ff^^?^" increased their participation in education, so 

that the effect on employment is contingent 

> 

Source: Adapted from Joyanna Mby and Constance Sorrentino , "An Analysis of 
Unemployment in Nine Industrial Countries," Monthly labor Lview m5r4 fAorll 



S^^? the possible moderating effect of the 1974-75 recession on labor force 
participation, the data in Table 5-2 suggest that labor force ^rtlcJpatlJn 
ohenLZn°°J ^ J"«"«i=8 ^ the 1980s in industrial countriS as a'general 
phenomenon but that women are in many countries increasing their 
participation in the labor force. David H. Freedman assocLtes this with 
economic political, insitutional , and psychological factors^ tSfgr^^ of 
Sart tllp" T'"; ^"""^ °' government, greater opportunities *f or 
ro;L!%::5mt:l978) occupational aspirations of 

3.1.3 EaplojTaent and the 1974 Recession 

characteSLfnf^f^"" f mid-1970s brought into relief a number of salient 
cSa? BrlifJi r employment in industrial countries. For example, France, 
Great Britain, Germany, Italy, sad Japan all experienced a sharp reduction in 
did St T'' the recession, while the U.S., Canada, 'a^d ^tral la 

did not. The former group of countries all have benefits for ^rtial 
unemployment, while the latter do not, allowing the former to avoid layoffs • 
during economic downturns. (Moy and Sorrentino, 1977). Such a ooltcy 

Jf 2;UmfnLd'^S'"d/'r?r'i°°^' technological'Sisp&cement 
if implemented in a disciplined manner. Another feature of the recesjsion in 
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guestworters Ly feS tSi L^? ? ^? benefits in home countries, and that 
roM,^ ^ iamigration restrictions would prevent their 

tra^^n^fi^^^ repatriated. ;he U.S., Australia, and Canada h!ve 
lor^tJ^i^ encouraged iinaigration and extended citizenship op^rtunities 
SLfrS^ "^^^"^ the growth of large "guStwwter" 

S^S^ifn* ,^"«T^^' ^"^i°8 ^e«nt recession, both cLadf ^5 Llralia 
tightened iinmlgration restrictions. (Moy and Sorrentino, 1977). ^ i^ssS 
for U.S. employment policy is clear: Imlgrant workers are an intSra^^rt 

ve^n; S t'rr;t Stm^^S^'l^^^^r-." lnablli?;.'of1he^a!1" 
Bwvi=4Uffieut to restrict Latin American immigration indicat*i«? ^ha^ f-H^ 

the"1^1:tur1.^^'°^^^ i»l«ration^polic°°y i^^ViHX Sfilcely in 

-underrepr^entatio"jS'^ood1 ^ and their relative 

won^n ^ \ goods-producing and construction industries, protected 

women in eight of the nine countries studied by Moy and Sorrentino ^«v^r 

"uln"e°?a^i?;^y SlT'i^'°''^ '""r.'^^ n^ufacturl'ng Lc^or °the?f ry;iicT ' 
disolacJiiiJ^ ^ increase. Their vulnerability to technological 
displacement, however, is a more difficult matter to assess. The point here 
on l^J^.i°l ^fecting employment stability may not alTha^e efSc^ 

g^ad^^sS;."" ^""^ -"^"-^ adv^Sg^'^i^'" 

3.1.4 Youth Uneaploymenc 

d^ra^i^J^^ ^^^^"^ of youth In Industrial labor markets appears to be 

D^'s^vJ^* r ^ "^^^ ^ ^""'^'^ °f reasons! genial, notes 

3 Review. European employers are reluctant to take on new workers of 
demographics because of the cost of social Insurance contrSutlonr^d fh^^ 
JSs'LtfcJf" '"Slslatioa ^ng firing ever more SffJcSlJ 'l^cord^g^Jo 
this article, experienced workers are more readily available now thar^hev 
S^elerl^JlS /'""P*^'^ ^^^^^y prefers^hem to new^orSrs. Jut 

S m1 . .^T'^ ^ capital-intensive, labor-saving plants d-^. ^o SSth 
tha high cost of labor and pessimism about future growth. Also 'on^ 
increases In minimum wage make youth unattractive fs Sainee^!^ ' 'i^^y 
European countries, it can be noted, industrial wages and b^nefiS ™ verv 

°^ ^ encouraging, the supply side is no more attractive 
according to this analysis. Youth reject many jobs on the basis of ^v nr inh 

trSnedT' ^^^^""^ °' '^"^^^S^ ChTyo^th arf olten ^ 

arf ?n / ^ ™' ^^"'^ untrained for vocations wSre^Soyees 

are la demand; youth prefer to extend their studies or go on unSpJoySJt! 

continuing youth employment problems due to^lack ^^wiig 
SiJlrr f ^^'^"S °^ counselling, the difficit transition from «:2ool ' 
insufficient_work experience, poorly defined career planning. loosfSbo^ 
le ZTlT:":^' n'r" i?-^'^"^' 1978)., similar generalJitions mJgSt well 
aduTS^od S n^^ ^^,«-Pl°y°«°t ^Pects of the transition from youth to 

?of % . ''^^ "^.^"^ themselves. Whether this is a M^ter 

for government attention depends upon one's views on government's contSu"on 

caoa^e S J!? °° deleterious public polSies as 

capable of being reversed or worth being reversed. f t~ as 

h^,^ Statistics indicate that the Anerican youth employment problem 
t^^irl ^t i« ^ie'^'i in Che U.S., is ^t of a m^^^derrelative to 

5sltS«e "iabS'?'3T"?' distinguishes it from Ah unempl^^^enr ° 

elsewhere. Table 5-3 displays major increases in youth unemployment rates in 

_ _ ____ _ 
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four European countries • 



Table 5-3 

Youth Unemployment Rates in Four European Countries 

1973 and 1977 





Unemployment Rates for Persons Under Age 25 

P ' I?73 1577 ^ 

France 

German Fed, Rep. 
Italy 

U.K. ^ 

TABLE 5-4 

Hatio of Youth (ages 16 - 24) One.ploy.ent Rates to Adult (ages 25-5 
ane.ploy.ent Hates in Eight Industrial Countries, 1974 

US 

y 

UK^ Upproximately) Countries To Which This Ratio 

Applies 

fl 

-*Q U.S.A., Canada, German Fed. Rep. 

^qIq France, Sweden, Australia 

(data not Available) . Great'Br[taln 

Source: Adapted from Moy and Sorrentino, (1977, p. 17). 

These ratios indicate that Aaerican youth unemployment may be less a snecial 
youth problem and more part of the general employSnt problem, t^n is'the 
case in some industrial countries. 

3.1.5 Factors Distorting Meaaure.ents of U.S. Une.ploy.ent 

for 1. ^"^^^ decline in male labor force participation can be accounted 

for largely by the prolonged schooling of those under 25 and the early 

(LF^rSe dLS:ra°^" J^°"h«l"«. l^bor force participation Jates 
inl I !f J^'^l^iaS for nien between 25 and 54 as well. Deutermann attributes 

^ °^ ^« 25-34 years, and 42% of the 

tll^T. °' ^° liberalized dZsaSuSy 

benefits. Additional reasons include claims of ill-health or disability some 
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(Deieem^^ actendaoce, and the rlalng e.,pl„y,n™t of „o.e.. 

"Url:" te^aiTo^ cSrT 2SImi?,"^" ^ llaabillty claims. 

1 ~**6 vwcvcna, iy//)m Freeoman notes the evidenr*i t-haf 

iTZd^^l:^^ '^"^ distinct but related bad incentivea: First 

a„c. a .o,...-~,"J- r:-„".^J'nS,-o°:il-jr' 

iSarlr^rcf r"f°''i°7°°°' "llact benefits that are at 

n^t L^d"^ ,n I"""""" i"^ "asa- These benefits ace 

not taxed, 30 a 30 percent marginal tai rate on earnings (or a 70 

five-sevenths, or that benefits replace .ore than 70 
percent of the net oage. (Feldsteln, 1976). 

.,™.™ *° °^ emplojment, such as comutlng, makes the net 

lorSLrL^'LI'hSr.SS™ "tS"'- ^"""-ll^.^i^lh algSs\ the 

L^"r' SI? sf »^°'^"a^:^-:°S7n!' sjrait%s:rs'i:^' 

fS^t?£--^ ^ogTaS-SJSr^LI^Iltl-Sms'IStS--- 
(Sin! 197l)f' ° »»a ^faction bS fmaller degSe. 

3* 1.6 Older Workers and Retirement 

relative's ^r'^^rs'S^s'^sf 'ti^a' do'^'i:" '° v'""" °' ^ disadvantage 

societies (sS SbleTs)! ' "^'^^ Industrial 
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TABLE 5-5 

Ratio of Uneaploy«ent Rates for Workers Age 55-64 to the 
Uneaployaent Bates for Workers Age 25 - 54 
Niae Industrial Countries, 1974 (appicoxinate figures) 



Country 
Italy 



Ratio of UR (55-64) to UR (25-54) (for 1974) 



Australia 

U.S.A. 

Canada . 

France 

Japan 

Sweden 

German Fed. Rep. 



73r 

.5 
1.0 
1.3 
1.3 
1.5 
1.5 
1.6 



Source: Adapted from Moy and Sorrentino, (1977, p. 17). 



/ J! ""^'"Playoent for the older workers, compared to the age 25-54 

llr^V '^""^^ declining labor force p^rticiStion 

rate for older workers which Rones shows in Table 5-6. PaJ^^cipation 

TART.I^ 5*6 

Labor Force Participation Rates for Males age 60-64. 65 and Over 

United States, 1957 - 1977 



5f|f! U'm. Males 6b-64 UPk, Males 6i and over 

82.52 37.52 
1962 80.2 30 3 

1967 77.6 27 1 

1972 72.5 24 4 

1977 62.9 



Source: Philip L. Rones, ( 1978, p. 4). 

ihou?%S ^^'^li^^ ^ LFPR -"ales age 60-64 was 

:uS^:itLSy iT^r'Z''^" li"ti!r^;tes''both 
!ldfr 1 r ^ f stable. Sones attributes the declining LFPR for 

older males to health problems and retirement benefits, particularly in 
combination. But he cites statistical evidence that heaSris over r^orted 
as a reason for retirement and argues that social norms encoSage clIS 

SeUeve'tS^the Trt'l"^^: ^^^'^-^ Uttle rLlo'n to 

or J^o (JJtcusJ 1 ^«i"ns has deteriorated in the past decade 

or cwo ^Viscusi, 1979). Rones notes the Importance of pension coverage: 

eJ^Lrover)*"^""'"' ''''' "^'^ °^ 

is the growing financial ability of older men to retire early. 
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JetiS Lls^ * replacement (by Social Security) for men 

^n 1^67 to AS "^8« f"-" 29 percent 

in 1967 to 45 percent a decade later. (Rones. 1978). P«cent 

the incest" el'o" ^Sire^^t itT"f^°t^e^^ Sc«a^^ "^"^^ " 

anticipate further increases Slarlt'reM^™^ f J° adequacy, one may 
the reported incidence of reti^eml^t'dL Jo u"thr '''''' 
3.1.7. Eaployaent: A Sumary 

These characteristics of employment In i-Hp ii <i ^ 
industrial countries, present a conte^r?^\^7^h i° many other 

of any technoloffv a,.nh context in which the employment consequences 

^Lw / , V ^^^^ personal computers must be considered Th» 

uP'to-aat ilSSFgers lltL.Tah ^ "^^^ «ith less 

and social ^mt ^iSi S!^®? i hypothesized that the institutions 

lonaS heretofor have guided youth into stable employment no 

tS^'Lco^dar'; slclor'^the^'S^; f^JS^^^" T*" increasingly'^JTo^'d^ 

review to this nrt^^*- .rZ^ wJHiputers or aii kinds. Nonetheless, the 

governmental policies as the administrative (or welfare) sSte nelS the 

^^^'^llTsut^^^^^ -d^1icirL;':ell be 

there iJ f^S^! Jj!: ^ ^'^^'^ °^ force displacement, 

m2«el^cSo^ic3^1 bf? opportunities presented by computers and ' 

policies^d i^cial ire^ds°tLt df °' government 

opportunities-^a^rinSbJ^V^pLl^^r^^^^^^^^ 

3.2. Aggregate Oenand and Structural Theories of Une.ploy.ent 

M„o««i ^ ^^^^^ °^ variety of complications in determinina the extent nf 

thn,.!!; K ? f ! incidence of unemployment. Currently these theories 
though having led to numerous government initiatives, are L disarray It 'is 
not clear chat either aggregated demand , or structural! the^rle^^ 

d"?X°e^t' °T -^^^ guideliSiTf^r tho^T^SSZiJ^ed Sit" the Lployment " 
aispiacement conseqiiences of new terhnnino-foo -n.^ ^ out'xo/ui'cuL 

u tecnnoiogies. The reasons In each c^sp are 

stSS Sliei f f^'"^ '""^'^ theiri:?iS" Tor 

d:f^"^tT:ietr:'"mpl1ca1ed'!"' '° ^ ""^^ '^'^^ ^"^"^ °^ initiatives, the 

Morely anTBrlfJffSd' '^"'^ °' unemployment is summarized briefly by 
Throughout the post-Second World War period, the primary technique 
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used by governments to achieve their major economic objectives ot 
growth, stability and full employment has been control of the Jevel 
of aggregate demand for-goods and services. The policies which hive 
been used in this operation include variations in the level of 
taxation, variations in the level of public expenditure and 
alterations in the cost or availability of credit for both 
consumption and investment purposes. 

While judging these policies successful for a lone time in balancing 

s^a'biTit'r^d i'ir°'\'"''^ "^^^'^^^^ °' economic'gro^thf prlce"'^'"' 

stability and full employment," they continue: 

But the growing size of cyclical fluctuations and the 
accelerating trend of inflation in the late 1960s and early 1970s 
have increasingly suggested that these policies can no longer be 
relied upon as primary means of successful economic management. 
(Morely and Broadfield, 1976). sei-eat. 

,-nfi.^. Aggregate demand management is inherently unsuited to managing 
Sm.n5 °' ^ fSSregate demand raise unit costs; increases in aggregate 

demand create inflationary pressure in sectors which respond quickly tl 
?MorSt J ?°°!.^f^" °^ unemployment elsewhere are S^LaLd." 

io TrL 1976). Indirect employment creation take rsome time 

TtuZl ; niay have long term unanticipated consequences, and "the scaTe and 
no?Sp ^" difficult to predict." Since aggregate dem^d 

boiihr contained inflation, those with the ability to do so have 

co^Lacts LJ"" inflation insurance - cost of living adjustments for un^oJ 
quotatJJns. ^" " contracts which build inflation into the price 

Killing sworth. in his Presidential Address to the Industrial Relations 
thr?;60s bri?";97n'='ji'°%^^' ^^^^ structuralists lost"he ba^J^"?: 
thPowfJf ' u ^^^^ '•^'^ "i'^^* "^he aggregate demand 

theorists. He contrasts the two schools in the following way: Agsregate 

frTideirof" '"f" r conclusions and po!icy'reco1Se"dations 

from models or a perfectly competitive labor market, and tend to be general 

mL°nSfs"an1'Se1r' 'T''^' understanding of labor market dat'^ serfes? "Lir 
meanings, and their weaknesses. Structuralists prefer to draw their 

^iS Sp°°' f °f the economy, are intimately familiar 

of LoSed^^r JnJ^'^ °' i^'" "^'^^ recognize the im^rfections 

of knowledge, mobility, and competition. (Killingsworth . 1979). He writes: 

Structural unemployment, to put the matter as briefly as possible, 
xs joblessness, usually long term - which results from basic changes 
in the economic structure: new technology, the decline of some 
industries and the growth of new ones, geographic relocation of 
industries, pernanent changes in consumer tastes, changes in labor 
force characteristics, and so on. 

m;,nno^.^J'"?''i"'^^ employment programs are, for Killingsworth, programs like 
tSt^Zi'"'°'°«' r?5^' assistance, area redevelopment - programs 

Buf rr r\ 'P"'^'' structural causes amenable to government programs! 
But U.S. Secretary of Ubor Ray Marshall in enumerating his own list of 
nr ^^JTi P"8"'»«. includes programs which are redistributive in nature, 

nL^i?™! f v^°°f^7f '° ^^^"^ economic structure. Among the 

programs which Marshall advances as structuralist are geographical 
coordination of people and jobs, improvement of labor market information, 
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cIorJtnL%^rf°^'' °^ ^^"^ "^^^ =^""8h antl-discriniaation efforts 
coordiuation of immigration with labor market needs, outreach efforts to brln,. 
people into other programs, and public service emploj^^H (MarfSlf TsiT) ^ 
Which H« «""cturalist banner can also be'^sed to^S^i •progrix^s 

Svern^tr subsidies, such as the CETA prograis Jn local' 

m^e™" lisca? Sb'stlEt'Son"^' governments use CEtI -trainees" in a 

the empll^^^^^^^^^^ 

programs in a political system, it should not tes«SlsrS If 
some of these programs are not based on sound economic SllyJes of ^he !ab^r 
SSnlte r^viS'.h""'" °f structuralist programs have beenlound lacLng' 
Sluppli Tv tJ^'?'*'''^"" °^ 5*^- P"8rams which aim either to adap? • 
^o cL^?!^ by training, by upgrading the most disadvantaged groups, etc. or 
CO change dem^ by programs which increase employment opp^rtuSt^es Shl' 
eeSLtlv by finding that the results S trainSg ^^gJ^^ are 

frouwlJ' \:nffi.1 f r'SS'"""^* demand-adapting pro^rSs'^ also 

need ol lU^r " ."^ "^"^ (long-term or temporarily unemployed), in 

ruring%e':orer%TurL'3'to't1:f "^^'f ^"^^"^ seJ^ices .'inflat'ioLry 
rather thin ^fJi f k ? terminate, and prone to substitution effects 

r.^tner than real job creation. (Warneke, 1976). 

infi.^^ " aggregate demand policies are no longer acceptable because of 
impi: s°^en Srr''" -ivaSaged by'their ^rHLited 

inSf^L?^ *° ^"^^ ^ "-^^ aggregate are too often ill-conceiyed and 

iStet? ria'ge 8^-° abovehe lalor 

wSn^te revlP«%h f structuralist programs have been found lacking, 

r^hnr^ ^ ? ""^^ «Perience of U.S. programs which aim either to adapt 
io cLSI^ "PS^'ii^S the most disadvantaged g^o^psf eJc. or 

^on^r^* -J^^ programs which increase employment opplrtunSes. S^' 
JZlli^ T^^" ''^ ^^"'^^"S ^^"1" of traiSSr^ogram; arf 

?rn M viewed as disappointing. The demand-adapting pro^ra^s are a?^ 

need if L.^r i'"''/^ "^"^ " (long-term or^em'por'^rfly^S^lo^el). in 
need of better targeting, lacking in needed support services inflatlonlrv 

rZ^r SaTre'^l^'fob'''' ^? ^° s^b'Itltutio'S'eSe'cS'' 

racner tnan real job creation. (Warneke, 1976). 

^nfi aggregate demand policies are no longer acceptable because of 

imS^ti°l' programs, though advanLged by'thelr ^^rHLJted 

impacts when d structural changes in order not to require work^ LaSation 

the'5%'' J^°"t'2' ^f^T"-^ ^rely a^d Broad filld lev' e^l tS^t 

n?L! ^ ^" theoretical confusion regarding structural 

ofi:i?-inCend'Id"'w'''M'' ^^''^ ^ SS Sf manner 

Of well-lntendad but anti-structuralist programs are advanced. 

lp=,«o ^""^^^"'^t^ist confusion, and the aggregate demand inadequacy 

leave policy makers in a dilemma, however. If ?he latter ™ loSer^S .nd 

?or sLS^fL"'""?' ^-f^ w^th^he SScrty^ily 

for symbolic gestures and redistribucive efforts. Perhaps this ifa 

consequence of forces affecting labor markets which are ^t Incorporated in 
i^l^r.M '''v ^5^"^°°> international competition, demographic^ ^d 
^^^n^^f Broadfield see the economy L divided i^creSLlv 

into those ^th and those without job security. The clearer this dlvlsSi"^ 

will^ ef^f^Mve i ff^?5 N"*^ i"' ^^"^^y aggregate demand expansion * 
view r^.nf; T Broadfield, 1976). These samfanalysts 

IhrLSnr "L' secondary sector of industrial economies'^as 

snrinking. Freedman acknowledges that the decline in birth rates will be^iii 
«mS£d countries in the mid-1980s. iJ! it 

remarked, between "guestworkers" in many OECD countries, and mdocu^teJ 
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ni™^^^ • the evidence is clear thac unemployment as economic 

necessity is accompanied by a vigorous dose of unemplojonent as a matter of 
S ! ^ Reference. Recognizing the need in many industrial countries for 
5pLn^^ ff f workers raises questions about the adequacy of aggregate 
d'^s fhfif "° explanation of unemployment. Other evidence raises 

doubts about the adaquacy of basic structuralist Actions as ssed by available 
workers, or other mismatches, such as of location, occur. available 

2.. jagital Deficient Unemployment - in which 1, 1977). From his study 
examining only the industrial aspect of structural change, using aa his 
indicator of change the percentage share each of sixteen industries of total 
employment in the U.S. Great Britain, and the German Federal Republic during 
the the 19608 and the 1970s, Turvey summarizes this: 

Statistics for a number of countries faU to show that industrial 
^^'^"^a^n^ change has been more rapid in recent years than it was in 
tne 1950s. Hence one major cause of increasing structural 
unemployment was not operative. Comparable data on occupational 
structural change are not available. 



Indicators of structural unemployment show that it has 
.T ^ Federal Republic of Germany and has not risen in the 

United States, while an examination of the United Kingdom data 
foff^fo^ industrial structural unemployment in both 

1966-68 and 1972-75. (Turvey, 1977) 

3.3. Conclusion: Bad News and "Good" 

.J . ^ review of literature on the employment situation in 

industrial countries with both good news and bad. The good news is that the 
c"^ii°° ^ '^^^^^^^ invidious slTe) T 

litis M.T'^ f^t ^ examination of the official unemployment 

rates. Most industrial countries have suffered increasing unemployment rates 
in recent years, have youth employment problems, see their older workers 
dropping out of the labor force due to improved income replacements, offer 
various benefits which lead to an exaggeration of reported unemployment. 

fof ?^hnr.'^'^°? ^^"^^ ^^''^ participation, face growing competition 

for labor-intensive manufacturing from developing countries, and have various 
government programs and labor-management agreements which inhibit the creation 
ot new jobs. The bad news is that existing theories offer little guidance for 
U.S. policy makers: aggregate demand theories because of their inability to 
cope with inflation, and structural theories because of the difficulty of 
applying them faithfully in environment rich in politics and poor in detailed 
understanding. And, it is not clear that the problem formulaSons Implied in 
ifJ ^^heories really niatches the problems currently being experienced 
in the U.S. or other industrial societies. 

4. Projections of E«ploy«ent Losses Due to Personal Computers 

The most prominent concern with the employment consequences of 
personal computers involves net employment levels: will personal computers 
destroy jchs. This review concludes that, in the U.S.. the hypothesis of 
slgniricant job loss due to personal computers is "not proven." In specific 
industrial sectors, the effects of computerization and/or microelectronibs are 
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be nS^ed toT™?5? !f^K unemployment are not very reliable, there seems to 
oe no neea to jump in with action recommendations. 

which ml»!J°^°';.^!"''"^"^y' the employment losses 

attendent upon the widespread diffusion of miSSectroScs 
Of which personal computers might be seen as one manifest* tinn ttZ I ' 
Trade Udion Institute- a British ,w,i,.^^u k "^"^^tation. The European 

made. "PO'^s. But first, a few methodological comments need to be 

nn..„n.„°*"™^^°* employment consequeaces of computers or 

TC^i.ljT^\ ^ a aeclflc application gj^hf '^be "°cal1u£ ed Hh— 

?SrS"ac1'J:^L.«l"" ^'"-^ "° "PPOrLltle, a, well as 

No revealed methodology underlies most of the estimates of ^nh i„== 

r ^ uetuiary sector, but their cooperation was so a/»t-fwo t-Via*. 

^Sgl;^^^^^^^^ Of our 

?h1sTL^tiTaSs"sh^:irS S2teras'^»l!^L^d"r'%"°^^^^- 
JSe-'^Jcis^^""- ^-hele^^f to^^Te^L'nl'tSrt^^ °^ 
sSo.,ir^ f niagnitude of job loss, they invite being Licen SioSfr 2 
der?i?n^^fi*^' J" "S^'il"^. that new job creafionreitSr Sthin ll 

deriving from microelectronics, remains largely outside t^is anSySs. 

4.1. The EstlMtes la Suoaary Form 

In general personal computers and microelectronics are seen as llkelv 

thoso .4 : ^ years, Jenkins and Sherman see employment in 

sSo??fiff J! " ^ ^ " declining by 50Z. Nora and Min? sefSl 
oSrf!i v..^°° otherwise espected employment in these industries in France in 

Itl f\J"i"narrnra1t1: fiTur^e": ^L":"L°\"'^"^^ f"^^" "^"^ 
estimates, hut othe^^s'S^'t. '1u«ide S^\er o1ScI"i?d°Ss1Ss1L" 
forecasts are more mixed. Jenkins and Sherman see drastic'o" Lss just about 
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Sc^ee dr Jli H selective and anecdotal; Nora and 

iob lf«pf i changes in the jobs of secretaries but do not estimate net 
se^vJ^ffK'.^ .f" possible disruption in social insurance and postal 
rlZlr S neither the magnitude nor the timing in thfir summary 

DrJ^ti* f7^°"«/«P°"« °f Job losss in specific industries, such as 
printing or telephones, are available. But it remains unclear whether these 
Sliglls^lgrlr!^ ^ ^2gon fl^t^tioSs^ ^sk^ ^li T^ 

industries that are consequent upon chaSjgF ^S^SSFujgr dImAnd. fnTZT^ 
competition new product development715dI5-tnF life-cyd TTSF: e^FiT"^ 
technological change, comput«-relatef^F^t^^ n^dels of 

afmos'?'i°'?rJKr°''''^°"' °' ^^^° Wers, find employment l^ss^ of 
esStS'tf'5oi'i'"'°J"°°'- ^gregate and industry-specific 

!I^inn iu f computers and microelectronics do not compel public 

action, once the estimates are critically examined. Rather, since tS 
oo^^ina^f however unconvincing, do involve serious disruption, 

contingency explorations and careful monitoring might be initiated now. "just 
in esse* * 

-4.2. -The Collapse of Work:" A Pesslaistic Scenario 

Tenk^na .nPlT,""^^ daring and comprehensive set of estimates is provided by 
Jenkins and Sherman, the General Secretary and Director of Res- vvch 

Stalls ^f"'^^-"^"^ °f Scientific, Managerial and Technical 
ff! K 1 1' ^ ^i^^ble British trade union of white-collar employees. They 
llai'^r T "»i«oelectronics in just about every industr^'^d da;ing^y'^ 

project out as far as 25 years. They concede that the net impact of laSe 

Microelectronics, they warn, is different. x^/o;. 
adv.n.p/r^5!"i'^^\°°'' overstuff around microelectronics, for they have 
^ITltt L computers and microprocessors do not 

t^e olSer^d J^Lpr'^'" requirements for production, use, Ld maintenance as 
^.n„?i f . computers; and many of the labor-intensive systems 

Tliltlt 7^ « "^f °^ microelectronics are already in place. The following 
S^i! summarizes their estimates by industry of the expected job loss! 

r|flect more than microelectronics . The creation of new jobs 
forces ^eceJjflttenS '"'f "^l^^ discussed. Other technologies and economic 
?! if - attention along the way to the r.'--;.;ntation of these 
guidelines, although microelectronics is seen .-^ the most siRnificant 
df'r'- affecting all the industrial countries are recognized Ld 

discussed.. Therefore, attribution of the projected job losses to 

?S™^"'?J°^k' f T ""^'^ ^ misrepresentation of the work of Jenkins and 
Sherman. The basis for these estimates is not given. Apparently, however, 
their analysis involved projecting effects on occupations through to^ 
industries with occupations classified according to varying degrees of 
vj^erability to microelectronic technology. The work fSce is presumed to be 
about a constant 20 million. =aumcu lo db 

, portrait of almost unrelieved grimness contains some notable 

projections. Almost one million jobs are lost in the distributive trades 
with supermarkets and cost-conscious shoppers sharing the burden lill ' 
microelectronics for the loss. 500.000 jobs are seen to be lost in 
^insurance, banking, and finance." and another 400,000 are to be lost in 

transport and communications." "Vehicles," "electrical engineering " 
30rMn "i ^8i^e«in8," and "textiles" are each foreseen as losing'at least 
of Its " f ""'^ "textiles" losing three-quarters 

of Its work force in that time. Twenty-four of the twenty-seven industries 
are foreseen to lose jobs, with the average percentage loss being 33% 
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"GUIDELINES' 



INDUSTRY 



Employment, 
March I978 

(000) 



Agrlcul ture, 
Forestry and 
Fishing 



Mining 5 
Quarrying 



357-3 



Employment, 
Short Term 
(up to 1983) 
(000) 



Employment, 
Medium Term 
(up to 1933) 
(000) 



340 



300 



280 



Emp 1 oymen t , 
Long Term 
(up to 2003) 
(000) 



Percent 
change, 
1978-2003 



300 



16% 



and 



i. Drink 
Tobacco 



688.7 



630 



500 



■-22- 



Coal 6 Petroleum 
Products 




Transport 6 

Communications. 1413.8 



1300 



1000 



1000 



.21 
40 



Distributive 
Trades 



2657.1 



Insurance, Banking 
S Finance 1136.6 



2550 



2000 



1600 



Professional 6 
Scientific 



1050 



780 



650 



41. 



1872.1 



3650 
1600 



3500 



3650 



Publ ic Admin. 
Misc. Services 



1700 



1^ 



+ 2 



2249 



2100 



2100 



TOTALS 



22,365. 



21,340 



18,558 



2000 



17,140 



II 



23 



Source: 



CI ive Jenkins and Barrie Sherman, The Collapse of Work (London: 
Eyre Methuen, 1979), adapted from pp. II6-T23T 
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wa^« " L "inr • ''f^' manufacturing." -gas. electricity and 

Overall 57 ortS"22°^fi5 tSn ^" Projected to gain employment. 

1993 .,;h 1 22,365.100 jobs are seen as lost by 1983; 17% are lost by 
1993, and the loss between 1978 and 2003 is approximately 23%. Even "public 
admanistration is seen as losing employment . with a notable drop in 
employment of almost 15% occurring by 1983. with slow growth of six-tenths of 
one percent per year for the next 20 years. 

bv Tpnk^H^^in/c! construct a number of scenarios of the sort provided 

by Jenkins and Sherman, none would be either more or less plausible than 
theirs without a great deal more information about the analytics and 
assumptions than Jenkins and Sherman provide. The personal computer is one 
part of this revolution, though its share of the whole cannot be 
well-specified without extended and probably arbitrary definition. 

K problems with their scenario can be noted. Jenkins/and Sherman 

have been strong advocates of the development of a British microelectronics 
industry. However, their projections do not appear to presume that s"S an 
industry will be developed in the UK. In a society literally saturated with 
hirS^re^'n" ^"^"^"S^! n^n^^rous new jobs in manufacturing, sales, service, 
hardware and software engineering, programming, applications engineering, and 
telecommunications could be expected to develop. Related to this concern, 
given that they project forward for 25 years, the possibility of entirely new 
industries arising ought not to be ignored. Third, the modest gains in 

professional and scientific" employment, and the projected decline in "public 
admanistration. suggest that Jenkins and Sherman have constructed a worst 
£ase scenario . perhaps to stimulate debate. If one accepts the propoiitiS-n of 
Wenk. that governments exist to prevent calamitous futures (Wenk. 1979). then 
Jenkins and Sherman provide an important stimulus to more rigorous analysis 
and contingency planning, even if the specifics of their projections seem at 
times excessive. 

4.3 Projecting from Observed Experiences: The ETUI Report 

R... prepared a less well organized set of estimates for the 

IZV^'^"" Trade Union Institute (ETUI). The "central concern" of his report is 
tnat ....the impact of microelectronics on manufacturing and tertiary sector 
employment in Western Europe is taking place at a time of already severe 
conjunctural problems of both structural and demand deficient unemployment in 

^Q«n"" '^^''^ ^" ^^^^^y " P^"^^^ °° unchanged policies into the 

1980s. (Evans, op. cit., p. 106). 

Like Jenkins and Sherman, he acknowledges that past computerization 
has not had significant negative effects on employment in the tertiary sector 
but asserts structural effects - specifically, a shortage of computer staff at 
a time of generally high unemployment. He also states that it is liard to 
calculate the full effects of technological displacement on workers: cheaper 
products may have greater sales; savings may (or may not) promote 
employment-producing investment; cheap products (e.g. electronic calculators) 
may replace existing, more labor intensive, alternatives; wages may rise for 
workers remaining aft-er the technological change is adopted. (Evans. 1979). 
Recognizing that giving categorical quantitative employment forecasts for 
employment is fraught with diff iculties . "Evans chooses to project from cases 
where the technology has already been introduced. Such a strategy emphasizes 
scattered reports of likely the most successful applications and/or those with 
the most obviously negative impacts on employment. Further, primary job loss, 
IS iiKeiy to be emphasized, and secondary job creation likely to be 
overlooked. 

Evans- projection of substantial job losses derived from anecdotal 

Er|c 113 . 
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avidence summarized below by industrial category. Unfortunately his examolec 
:ibi::;r'"''' °° standLdlzation of date1rn.easu«s":'o':' 

502 Replacements of Electromechanical Machines . Electronic job losses of 
llinV i ^° ^^T^ manutacturing cash reiTiti?i-in the 1970 's. Decreases in 
employment for related products of 10% to 35% in the 1970 's. '^'^"ases in 

l£l£P^i2££^^«l^^ Manufacturing employment 

se"erS f -bstantiaF^H^ses in output rfporfed^^n 

several European countries. Projections of even larger job losses common 

siSar:hriTk:re!' maintenance employment is1::rsu~d to 

Clocks and Watches. By the mid-1970s the Swiss watch and clock 
its ""pLj^ent!"' ^""^ ^'^"^ '-'^"y haTlolt 40% of 

Printing Industry . Twenty percent declines in employment during the 
1970 s in UK and DFR due to computerized typesetting among other factor!. 

Office Employment. Discussion here emphasizes relaxed growth rates 
for office employment, and projections of possible but yet to bfrSlizef iob 
savings through automation. y i- to oe reaiizea job 

taken oiI^Ft^^^^: "Significant falls in employment in distribution hava 
taken place in a number of Western European countries, part of which can be 
thrfi^or^/": " T ^""'^-^i- °f °- technology." "^ere m^ be errors in 

Ogher Industries. Remaining numerical reports involve isolated 
examples in auto, television, taxi meter and sewing machine assembly! 

El«c..rn^,^?>,^^^'^• ^u^"^ industries seem particularly vulnerable. 
loSr ? T machines are being replaced by electronic ones with much 
lower labor requirements for assembly and maintenance; shift of parts 
production backwards to electronics firms does not recoup the los^ jobs. 
gi|Pii22£^£h|Ml manufacturing, maintenance, and operation all involve the 
same-^oymiHr-tKreats as other electronic-for-elec«omechanical 
substitutions (e.g. adding machines, etc). Clocks and watches may already 
have experienced their employment revolution": aireaay 

w^F^Fr^rlfflS^ "IT for replacement of assembly 

workers by robots; however, this is a line of work often criticized as beine 
inhumane. The printing industry continues to be volatile due to new ^ 
tll^l l^^' ^^'^hnology currently being replaced was itself at one time a 

se"ices T"^'^ ^^^^ Office employment in financial 

services, but also in government and industry in general, is seen as 
iLT'r^f ^e ?f reductions are but rar'ely ^ported Sw^^S.^^vans • 

d«l^f ^J'^^^'i^ industries is substantially shorter, and the losses less 
dramatic than the comparable offerings of Jenkins and Sherman, 
the ^^rl^Lr^A'^''^^ experiences, however espisodic they appear when taken in 
the aggregate, do suggest the existence of severe disruption in specific 
"tSllllll '° ^ however.' Evans notes tJat 

existed ?fr '* '"h numerically controlled machine tools or robotics, have 
existed for a number of years without the rapid uptake that was predicted in 
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IZIT" ^Tu^'". "^^^^ °^ employment losses in office work are 

lyZTts uT.reltr±lT"°"\''l'''T^ ^ particularly ominous, shortages of 
llltlT ^ "t^^V """^ recurring problems in many American 

lirttV ^ begins to get circalar after a very short time: the 

l^n ylrl ^ r "'r'- "^"^ °^ ^^^^ ^PP"'^ based on opinion rather 

than hard analysis. Almost all offer opinions only on primary job losses 
without equal consideration of secondary job gains! P'^^'^^y -1°'' J-°sses 

4.4. The Nora Report 

At the request of the President of France, Simon Nora, ' 
SicatHS^^ri 1°^ Ministry of Finance, prepared an assessment of the 
implications of telecommunications development for France. His report, 

fq«S^'™ M ? ^ ^"^^'^y "hi'^h "as recently (April, 

1980) published m English by the Massachusetts Institute of Technology Press. 
Twelve appendices (in three volumes) prepared by the staff of a Commifsion on 

review ' r ^^'"";" °/ ^ ^"""^ °^ ^^^^^^V "^^h advice, 

prlvat^ SJivlZli T other government authorities, and a«encies, and from 
private individuals and companies, have not been published in English: and ten 



r \r . companies, have not been published in English: and ten 

supporting documents" prepared under similar auspices. Tr.e Sugary Report 
.^ffers some gross projections of employment loss in office industries based 
socSSSJf r"""' '"^^ enterprises. One appendix d^velojs " 
^nniw approaches to analyzing .the effects of cotn'pucerization . and 

flrl^ll presents macroeconomic models relevant to the eir,pio-A.on£ jprodt^tivity : 
fSfn !™f iT^- J^^^°y^^^ projections ..ppear guided by surveys rather 
than economic models. For the most part, this report, Wch his received 
noS^^^° f attention in the press, i-s- concerned vir.h the distribution of 
power and conflict within France, and with the independence of France 'within 
concert nations. Employment and working conditions are a subordinate 

Nora and Mine assert the close interdependence of employment and 
foreign trade: computerization will either "worsen or help solve the 
structural problems of the crisis of French society," If computerization 
troir""J^f'-°^'^' ""''""^ "^'P'^S reestablish the forei^balan^e/ • the 
no^iv / '^"''^ ^-'^""S ^"'^^ Imbalance it gives economic 

fJ^eeaom it needs to foster new growth," then it helps solve the 

that "Ider ^h^'"'?? ' ^^^^/^^'^^'^^ ' the basis of "surveys in key sectors" 
that under the influence of telematics and automation the service industries 
will release personnel, while the large industrial enterprises will expand 
with a constant level of employment." In the past in France, service 
industries have absorbed the increasing labor force arising from growing labor 
fo hr.fJ^"'''"i°° "'"' '^'^ "adjustment mechanism"^has alSady beg^ 
^^.h! J 1* ^^^^ industrial societies, has had its balanL of 

trade adversely affected by the rise in oil prices. This leads to a need to 

J foreign trade through improved competitiveness and productivity while 
productitity increases lead to employment reduction. Nora and ^nc flnd^hat 
world markets cannot absorb the amount of French production that would be 
lev^s!''^ ^° ^""^^^"^^ current unemployment rates under requisite productivity 

i° ^Jr*"^ industry. Nora and Mine see new growth possible only in 
small and medium size firms. Large firms in established industries fJce a 
?nf<=r. ^"''^ productivity to meet foreign competition. Some traditional 
industries - they mention iron metallurgy and shipbuilding - are already 
behind. More competitive industries such as automobiles are fast losing 
position to their Japanese counterparts. The development of small computers 
for production management applications, and small computers "tough enough to 
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llc^ellll'lt tirZllU'^V: "^'^ '''' ^° decentralisation and to output 

t^^^^'vr^ rre:.LT?:ctor -x^ey^-am-^^- 

required „erf bLL"g%3 o^'^to'^S^.lJ^^ "er" T"" ^ 
^^vSr-to^ld^'r^ '''' labo^^L'vS'L L"acMevet'as°°s"chT" 

=yH tt ^''^^^ T^^^^^r' 

;:"eS: oTt\:^Sr?orc^r«oSdt S^irlr^-av-e Sr 

:r : ---n; t rinsiSF- 

computer systems due to anticipated employee res^srance' """'^^^"'"^ °" 
Nevertheless, in both insurance and banking, they believe that 

f~r^^ir^^^^^^ -j^^^^^- Sg«::i:rLestic 

EEC-wide )ls7s. ' ^^""^^ ""'^ insurance operations on an 

In social security, no external competitive oressure mnt^^T=i■^. 
automation so Nora and Mine argue that a ne'Jd to red'uce ^"ts Sl Stimatelv 
produce automation but hazard no euesses as tri ^ho ultimately 
e.^oy^t depead, too .„=h on "fh" "ofleltop'S SmiatJo'Jf hT'" 

isolation of secretaries will further the automation of secretarlf ["ht t 
which there are currently 800 000 ir, p«n » '■""^""a °^ secretarial jobs, of 
telecopying, and Z.lZllX^^ ^^^^^^ 

l°rfom^"""r'"' "^^^ °- °f suleLiX ratier tL" 

performing tasks. Nora and Mine expect massive efLcts on secretariS 

t^^l^Tll: ^«=-«=i3tical evaluation of these effects arT^u^r'^itly 

for ^^S"^^ ^ ^^^"^ insurance has been widely cited 
fmLr^fn^ " '^^"^i"^ i« ^"ally Without tL very 
iot'^^Sn'^lt L"3Sr Tit ^'k^^'^ "^^'^^ the'reader is ^^gld Jo 
der^nf^Sn' °^ ^"'^'^^ necessary to handle the workload a 
decade hence were computerization not to proceed, and that hypothetical ^L^e 
only if computerization is unimpeded and used to its full potential The 
^he^^Lf'S"' f "^'^^^gly. i« likely to be smaller by a su'Sstantlai m^ln 
rltZ^Tr, T °^ """"^ "^""^^ growth in tertiary employ^St has Sen 
Ittt I ^° absorb IncrefiiT^ the labor force S^Slcl^atlon 
""iarT^ S^H^ claim that there ^ be a reducti^^n ^n either ' 
IIZ III ~ bantdn^insurance mp^ow^^t^It-^^nj T^alle TiriSJS 
"P°° the publication of their report^ Z ^ -^^^ 

4.5 A«erlcan Trade Publicatioa Reports and Other Studies 

sn*..-ff^ f?" Studies and reports in American trade publications do not offer 
^de«tLd^?r" displacement. The trade publications are per Saps 

understandably reluctant to offer such estimates for public and empj^yee 
perusal. Additionally, the fear of widespread unemployment caused by 

microelectronics is not strong in the U S aTt RoMno;;, w caused by 
.«t,r hi, co.trib„cio„ .o^ ..TJt.^'ol S'1r1s°tilLS"o^na?° 

lis 
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Science, devoted to the effects of microelectronics. 

If the question asked is 'What impact will advances in electronics 
have on structural unemployment,' the answer is 'very little' 
according to most government economists and industry executives. 
(Robinson, 1977) 

Where displacement has been observed, it has generally been handled by 
attrition or retraining, rather than by termination. Among the possible areas 
of severe impact, Robinson singles out retail sales and th! U.S. "Postal 
. Service, with the latter vulnerable to electronic message transmission. 

4.5.1 The AutoBoblle Industry 

In the automobile industry, a study prepared by the Monthly Labor 
Review recognizes many areas of application for microelecro nics . but "d^ not 
foresee significant displacement problems. Retraining of displaced workers is 
easy, and is encouraged by labor agreements. Computers will affect design as 
well as production jobs. (Critchlow, 1977). ^ 

. present, job loss due to computerization would probably not be at 

the top of anyone's concerns regarding the U.S. automobile manufacturing 
industry. As this industry shapes out over the next decade from the Increase 
in energy prices and anti-pollution requirements, the employment consequences 
of computerization might become more salient. 

4.5.2. Telephone and CoTOunications Industry 

Telephone exchanges were singled out by Evans and by Robinson as a 
product greatly affected by computerization. Michael D. Dymmel examines this 

trtT ^ ? '^^'^ ^ '^^■"^'^ increases will no longer offset 

productivity gains, so that in the 1980 's employment will decline in the 
telecommunications equipment industry. His analysis reveals that these 
employment changes are the result of a number of technological changes . of 
which computerization is a major but not encompassing manifestation! 

Employment in this industry, which Dymmel considers to be the 1600 
operating telephone companies (The Bell System has over 80% of the 155 million 
phones in operation), peaked in 1957 and declined 11% by 1963 because o? the 
diffusion of direct dialing as well as the Introduction of data processing. 

rest lf Jr'!oAnf°'?^^^"^°° ''^""^ functions grew throughout the 

,Q7n^ ? ^ response to service demand growth. In the first half of 
5;^-.^^^° ^f^Pl"!^^^^ declined slightly due to electronic switching systems 
(ESS) and higher capacity cables as well as a tight economy. In 1977 
employment^rose again slightly. (Dymmel, 1979. p. 17). This discussion draws 
liberally from Dymmel 's analysis, which will therefore not be specifically 
referred except when quoting directly). 

Electronic switching, introduced first in 1965 (before the invention 
of the microprocessor), had reached 20% of all phones by 1976. and is 

""^^"^ 2000. ESS was adapted to long distance in 

1976 and is programmed specifically for the office in which it is installed. ' 
!^;?L"^"^"^J^^^ ^^^^^ ^ installation. Once installed, it monitors its own 
performance, diagnoses its own circuitry problems, and links with other ESS's 
.o control centers for remote monitoring and maintenance. This 
self-maintenance capability along with generally higher reliability compared 
with electromechanical systems means reduced maintenance labor as well as 
reduced installation labor requirements. At the same time, capacity is 
increased by ESS. » f / " 

7 T '"^ 
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teleconnnSicluo'n^!" ^« -Meeting -almost every phase of 

test tru^klK^rhf" 'T'-^^^"*? employment level or skills level consequences 

netL^JTtn f^. ^ f '^^"J crossbar switching 

networks to find and analyze limits to switching capacity: designate wirinf 

and'Ses ^'^"'''-'^-^ ^^^-^ in a way that imjr'oves !o"d balan^ng 

and reduces wiring congestion; replace test-desk 'operators who locate ^ 
customer-reported problems; automate switching and biluJg for 

re'JSceT"''"'' ^" discontinued numbers 

Dymmel sees no limits to the applications of computers in 

s.o... L"S^„r".So°js." Sni-ot je-rL's ioie'sf:^; 

it seeks to assure the demand growth in its newly competitive envSJnSent 
Dymel concludes that in spite of its technological advances (S -rSps 

orllTil ;f '^^r'^ '"'^"""^ '^^"S^S f^""" ^ technology-base'J ' 

organization to one of greater market orientation." (Dymmel^979. p. 16). 

th. f r !k ! V- ^Pl°y°»«°'= losses in this industry must be moderated by 

^^67 - 978 tha°n rt''i'ij'r'7 ""oM'""" '""^ productivity gro^" from^ 
i 1978 than it showed in the 1948 - 1967 period of generally raoid 

r'a"f":11'LT1'- ^"--'^ fts prodJctiv"y at a 

y?7ft °fo^^ °^ "^^^ ^° industrial groupings during 1967 - 

1978. (Bennett, 1979; Brookings Institution, 1979). 

4.5«3. Insurance 

are note^J^^"!^ applications of computers in these financial services fields 
are potentially numerous, reports of job displacement are rather rare. Most 
"ionrif M "ill be included in a following section"; 

Applications. The potential is certainly impressive. Here is a reoort of 
one study by a well-known market research firm: ^ ^ 

A recent study of the insurance industry by Frost & Sullivan. Inc 
an independent marketing research organization, reports that at best 
current computer applications represent automation of the basic 
(insurance) business. 

^ '^'^^ Sreat potential significance, since 

only the financial services industries have the potential of 
automating Virtually every internal operation ~ and this is 
particularly true of insurance. (Fischer, July 1975). 

.?°"^p«'A this same author, at the time the industry director for insurance of 

Jndus«y "a™ °' this 'about the insurance 

industry: Among the goals aost frequently stated to me by insurance 
1^ achievement of premium growth with level employment. 

(?Ischer!'l975r'" '° P'"" " '''''^ 
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i»h«. Insurance agencies, as opposed to firms, offer isolated reports of 
labor savings from the use of minicomputers and mainframes. A Los Leles 
agency reports doubling premium income with constant sSf Its two^ 
programmers have developed 72 programs in two years for accounting and 

n?:r m'/'^^'J' ^ ^"^^"^ ha« doubled^Ucy entry 

Jem^nJ ^^P'"^" productivity to three times ind^try noms (in 

rSg Payo'ff"" rg")!" ^'"'-"^ department employSnt. 

To the extent that automation reduces clerical errors substantial 

-"I'i result, argues William Ston, Jr! ?Se 
coriectJnrerlors'' ■""^^"^^---l supervisory time is d^vot^d S 
cut the error rati TSlf '"'^ """" " substantial impact were it to 

(Exton! 1977). ^""'^ correction substantially easier. 

affect th^'^^n^^ operational characteristics and market contingencies can 
Sft forei.rJiS';'" consequences of computerization. The Nora report claims 
r-Lnclaf ferJ^Lf ffi^ ' l°^^^^^^on enforces efficiency considerations upon 
Jn™^ . services firms, but some empirical studies have concluded that ' cost 
comparison IS not a leading factor in personal life insurance purchases nor 
is It a major consumer demand. There is an adage in the life insurance 
business which is evident in the advertisements in Best'slfview that life 
insurance companies compete for agents, not customers. Qaplo^eAt saJi^gs in 
the life insurance industry may be redeployed toward better service rather 
than captured through attrition or layoffs. This view of the Ssurancf 
lucTlV %lTTr' With the industry's view of ..selVTBeuTeTllT 
fo™!iw I 1 • ^ tested empirically by someone interested in 

fnJ^liy. °^ computerization on the life insurance 

4.5.4. Banking 

rpnn.^= "^^^^"/^^ ^"^"S industry, like the insurance industry, few firm 
Jew York°^ H^'f^"^ displacement are available. Of f ice automatl™ at 
years of L Off "ftZl attention. At a convention several 

years ago of the Office and Professional Employees International Union the 

:f°fortr::?f lotcS!" ^-^-^^^^^ -^-^^^-^ -w organJ^ng 

lpv»i K.^^ projected a reduction the present one million lower 

iTl f,^ '° ^OO'OOO eventually. (BanSg, 

Vol. 66, 1977). The possible applications of automation in banking certfinly 
are numerous. A Baltimore Bank reports that computerization enables 2 5 
people to handle 40.000 personal accounts, while L the earJy !270's ni^e 
people serviced 17,000. This saving derives in part from the use of Sjk 
fiin"L^ statement cycle. (ABA Banking Journal. May 1979). The industry 
even has non-information processing activities that can be improved, such as 
coin handling. (Banking, May 1978). At Citibank headquarters in 1976 two 
aSinrS^"" regulating message routing, storage, and retrieval from 

lloTo ?nn This application cut its workforce for this function from 

130 to 300 persons, with faster service and cost savings. (Asher, 1976). 
The union convention referred to above claimed that Citibank's 

;:r^fr/'^'^'1^^ '° ^ °f ^'000 0?Lr banL w^re 

purported to be imitating Citibank's automation byclosing branches('). The 

mSSn ^° 1977 were reported by Dun's Lvi" to be 80 

million after tax "if operating expense had continuid-to i?^t the rate they 
had during the 1960 's." Labor savings in the same-articll are set at 5 500 
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jobs. and_^ported as handled through normal attrition. (Dun's Review. 1977). 

evidence Z tl ^^T^^^^ °° ^^^^"'P experieHE¥ Irl^In 

acceSJL^.^^^^ f^P°'" °° suggesting caution in 

improvements, all together in a seamless web. Computer^SlatS iob 
Jn'SeTJJL^r ^ ^ °^ Lt"i:sr ti°Lt people 

4.6. A Short Surrey of See Financial Services and Other Co-panies 

the rest arri«Jf»Jrf "^°"'='> l»'"rance, and real estate) sector. Six of 

pt So^^^-tS^-S^^^^^^^^^^ one is 

proie^Snslof increase between 1980 and 1990. Of those making 

• S^ost m see ra^!cll1^.^"^' '"'"'"^ employment growing as weU. 

em^love^ iTthf^^ increases in the proportion of their employees (or of ' 
? industry - the responses are mixed as to referent 

utrA^iTol '"^'"'"h ""'^ --'-1 fSr«pect 100% 

«~cS5 or another occupational class. Where displacement is 

' ^ aiaority favoring retraining and replacement by^e ffrm 
Termination is recommended only selectively. 

due eithef L\ut^:ti%T?rg:ne'^^^^^^^^ S^th'e^S"""^" '^^^ °' 

u i-wuicn-xua ia generax or Co the microcomputer: those who do 

fe^eHes 2S ^ T" " t*"^'" a.plo3n.«.t Screise. tLr 

this renort r^tS^ ^ '^th other evidence and speculations presented in 
report, rather than at all conclusive on their own. 

evidenced iTL'^l^ responded without data suggest why the available 
islT^^^v T,^" of computers and microelectronics on employment levels 
ievSs 10 illrs^ ^'l^ manufacturing companies asserted thS^^JJ^ent 
groS catego^es'^J^h'ir'iJ accurately projected even S tJe 

?o«Sni^sir:J:Llt woSd'S'f^r tio uS'"" ^'''^ 'if -^^8-^")- Three 
^o*.4 w^c»j.«cu it wouiQ oe tar too much work to collect the data for «iiirh 

tL" Se'y lil" ^'Lv'':^';^°' ^^^^ operations. Two others simply Lid 
o2L^?^L Information, and two others asserted that their 

co'tn" at Sr "^'^^ information was impossSle 5o 

collect at all. Finally, one financial services company responded that the 

ERJC 120 \ 
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nro».r^J f ^^''^ insurance firms responding (no ^^^'^P'^^^"' 

property/casualty firms replied) saw increasing empioymen? irtiie 

de'^JiSs^'irile^r'?'"'; ^-^^iflcati'onr^st projected 

rhP 7n! 5 clerical employment in their firm and. if answering tSs uart In 

the industry. The declines projected are modest in all Lses (no ^orftJan 

magnitude tLrif f^? 1 P?°^^?° °^ employment of considerable 

s:l :£ ^^^^^^^ 

flnanclars^f ° banking, reL JtacerSJ^^-b^nk 

terms. Overall, these firms expect employment to rise in ^hpir f^J^o 

oHhe fL'""" ^"^'^ ''^ -5°in'the'Ldus ^y ''^he three 

iLTJi ^^^^f^^^^ ^° projected computer utilization by occupSoSr 

mil Sibrin1^^Se'n^;\%\^bL"' "^^^ proportion's ^^^^J^^' 

■ -c^a~^^^^^ - 
leJSs is'..S^ of microcomputers on employment 

cateeoL Th?!^ job loss projected at more than 15% in any occupational 
proiLL^'a r ° 1 occupational category for'^which'a fJ™ 

tt"p::X:" s°L^^°^^^ ^ ^ occupatio^l clas1i^5L%SoT£^°eer'^lf 
alarm reg^di^ri^: ^^^^^^^^^^ for 

r:d^^-aniab\T^^ - 

a^-r-elon-e-^^^^^^^^^^^ 

HoweTertS'tL^lif""?"^ Proje\^?i\'ns":ea\\'Jh1i%'rp is s!" 

^h^I^J*. T insurance companies, representing an industry widely 

m?^«pf. ; be extremely vulnerable to automation in general and ' 

^° particular, offer a generally optimistic forecast of 
^lll^r ""f'l^^^ces. A fortiori, then, this ^rief suj^ey reinS«es the 
conclusion that emerges trom the rest of this analysis of emplo^ent 
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4.7, Stadlea of the EcoaoayHUde Impacts of 
Coaputers on E«ploy»ent Levels 

are r«,rr?"f^r.°^, econony-wide. impact of computers on employment levels 
IILIT ^"^^ mainframes and are based on data usually arieast 

m^nf- r^!Jf ^ amazingly congruent: ^SrimLcts Se 

siili« negative. Onelercent^a a faiiTiS'lJg^e L such 

T ' "^J"" ^ Swedish National Bureau of Stf^atSs 

^~«e" Sv^: ''''' -computerisation resStedl^ a 

cSrS rJ! f ! 1 " ^ equivalent to approximately one per 

cent or the total labor force." fEvann iq7q aas a o ^1: .. P^^ 

in December. 1978.is reported by ^^l^oiZL'^' ^ "''^'^^ ""'^^ "^^"^^ 

Mr. Callahan is to welcome at the NEDC (National Economic 
J^^'SoT^'' Council) meeting a paper by the Industry department that 
^n^^^h °° f f "^J ^ ^^^'^y S^^i^" Staff (thSklSfc) 

^o^iZ fA^in^A i-Plications of mlcro^ectroS«: 

r ™ Britain can become competitive la putting this technoloav 
to work the government now officially reckons more jobs 
created than lost. (Economist . 1978 p. 111). • 

H<««i,. t ^l^l British study Involving 400 enterprises found little if anv 
JaSr ^ installation of systeS! ^d^L 

aiy yelrs^folr ?hf' 'l^'*' Installation of puacLd-ca^d^quiJ^ent 

tSL^^w ! reporting this study asserts that the generally 

comlries? .'l countries (compared to those of SvSopS 

countries) makes displaced workers easy to absorb. (Baron, 1976). 

Porafs ^^k » t^f ~i:^ S!^?"^ accessible reach similar 'concisions: 
Porat information economy" and Stonemaa's study of Britain. 

p"dL:2 a^i^S? "^^J-^ '° ^^'^y -information econSy-^^d 

t'Je^ftioJ^ °^ ^« <ii"cts itJeirjo 

What share of our national wealth originates with the production 
(PorH! !f77'^ distribution of Information goods and se'^jSsI ' 

perform J^bf^^^^^ r^^'^^'nf"' '^P^" ^" lllustratiye analyses 

^iS^^fsil. f°!f estimates the total effects of alTSllion 

e?fe^^ olilaa mo T t "^^^T^ * """l*^ involve dlSt 

IddZ S.^? 1* i°^I««*«"s from other Industries and $412,000 in value 

computing" classification. The total effect on 
industry output comes to about $2.2 million. In this Ulu^tratJon L«t 

^oTp^t'erS^dSr P'^^^^^^^y °f estimating the dir'^? ^^on^mL l^^ct^ S 
-omputer hardware purchases. (Porat, 1977, 75-78). «ii«ccs or 

p„«^ A second^ aiustration is more germane to the employment question 
InfoL^Jti"^" the consequences of doubling the natioSl i^estm^t"^ 
information capital. Specifically, he asks: -uiveatmenc in 
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S^Hn^M.''''*^ investment constant, what is the impact on the economy 
if expenditures (or gross capital information) 

in inrormation capital goods? 

» His definition of information capital does include more than computers 
tr^^ Sf^^w'^'r"? u"'" buildings, as opposed to factories a^d"^ 
trucks and machine tools). He reports that the net impact on the economy was 

r.TsL Tr- fh^?-' ^ of "2.000 jobs. The m^or 

reason lor job loss was that non-information industries hive longer 
interindustry production chains than information Industries. The direct 
effects on employment levels «ere positive, but the indirect effects turned 
^Jr^'^f! employment impact downward. Regarding new output. Porat notes 
J^est^Lr^^H incorporate the possibility that the information 

iverstat^J ""Id stim^ate productivity. Therefore, the output loss may be 
svstemaJS* f?^^f*"°'^ illustration is Important because it tests in a 
nrl^ i ' . ^^^''^^^ and suggestive, way the hypothesis that expanding 
computerization will have disastrous effects on tS labor force. ?^rat finds 
that the employment effects would be modest. (Porat. 1977). 
.11 K Several reservations must be made regarding this work. First, it is 

updated «ith more recent data. Second, he deals with the "Information 
economy, which includes close to half the GNP as measured by value added, 
rnis is a much broader notion than the computer economy. 

Stoneman finds, through a systematic analysis involving "heroic 
assumptions, that . the saturation of the British economy by third generation 
computers would have only a modest impact on the labor force. He fescSbes 
his work in a summary article: 

In this paper we investigate the effects of computerisation on an 
economy on two levels. First we compare an economy with lOOZ 
computer penetration, with a non-computerised economy. This 
illustrates what effects can ultimately be expected. Secondly we 
analyze the changes along the transition path as the economy 
approaches lOOZ penetration, i.e. we illustrate what effects have 
been realised and v*at further changes can be expected prior to 
saturation. (Stoneman, 1975). . 

/ 

offa»^a Stoneman estimates labor savings per third generation machine and 
^tiltl "^""K "^"^ " requirements in capital goods 

construction. He estimates the satiation stock of third generation 
computers and then calculates the effects of this stock on labor demand. 
Finally he estimates the effects along the transition path. 

ysing British Government labor surveys, Stoneman estimates that the 
net job loss per third generation machine is 42-fflan years. He adjusts this 
lllli^ll differences; for machines in scientific a^d other usS^'Sth minimal 
employment displacement impacts; for machine assembly, installation and 
economic life; and other factors. The adjustments yield a net loss figure of 
21 man-years per year per machine. He then converts this to a number of 
machines. Stoneman estimates that, for the UK, satiation would be 10.142 

^ 5^?"- ^ ^^"^ °f ""'^P"^. this translates into a 

net savings of 178.752 man years which represents 0. 79Z of the 1970 labor 

of ^^' ,Q7n 1 u . machines are home produced, the figure becomes 0.87% 

IL^ J labor force. Estimating along the transition path to a future 
saturation condition, he sees a loss of 257,547 jobs in 1978 at 1978 levels of 
output, or 230,223 jobs if the UK. produced 100% instead of 72% of its own 
computers. This is approximately 1% of the labor force. In conclusion he 
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ate ealcn ftom Stone.a», ms. ^. |?MoJl!' '""""o" 
In ' S""""" =aU» some of his assmnptions "Hetolc.- 

s'LSe" «°LS:rh."r"stz;hi' "r^i "'"i" ^ range oii:;„ 

4.8. Semiconductor Manufacturing: An Example of an 
InforMtion-IiatensiTe Manufacturing Industry 

such a. 2^kr:n°^,™"':j:r 2taie"':fnr'?:..'°"",."''" " » 

jr:;L''?Lf S^i^So'^^ln-^^nsleet'li^vtrrini ^po"Snt 

CO note that some manufacturing Industries In oartlcular Jmo J ^P="^"°= 

s:ssiin-s?L'=rs rS^^-i sr ^ «i»-^nrsSV°o"'po???;n of 

JnlStryf llSSh ftf St!.?"?/" »*8). "ghly Innovative 

ir,flJZt^ ^ workers, of which ue estimate one-third could be 

information workers. 36% were held by semi-skilled workers wlth^i 7 . 
t": to unskilled laborf Thirt'^foSJ ^rTell ff^^^ZZyeZ in 

the l-du^try. are professional and technical worker. "^^ ^ 

?^ f confined to the semiconductor industry our 

o'?;tIpog^A%e":.i"„'S.-^^^^^ 

Sr„i:rSi'.2!?ot5°S.1S^^:,^?S.:f — '-tuning ^^e^L .eca.e 
»„,K. semiconductor manufacturing Industry can be considered a 

industrial development within L Uhiled S?^«s it is 
wi?Lrs^cc^SSLed""L'' " "f°^ '^^^'^ increasing demand for^olJssional 
0^ «LSe^rS^J complementary decline la demand for unskilled labor. 

J^us^l^l^ !!rS« IT ^«»»t:s of the information 

the^«^^iS /It research (specifically Insurance companies), as well as 

SistTL LI T.^^'^^'V^''''^ ihls same tSnd 

exists as well although the proportion of professionals is not as pronounced. 

4«9# Suoaary 
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been revt^f % i J ° employment consequences of computers have 
m!!nr 1 ^^"^^ ^""^ projected major displacement and others have seen 
aS ™ ^isplf f'-ent at best. Overall, the conclusion must be that"he lattir 
ZIhTaV 1 "^^^ '^"^ following reservation: th^t the m"e 

«=he study, the more likely it is to be concerned witVlarge 
JS™^"^* ^ P"j«ctions of major job losses, such as by Jenkins^Ld 

report is full of isolated anecdotal materials and, in addition these 

Tilll . .""'^ ^ '^^^^'^ °f applications. TSe*Nb« report is 

^ Snk^n^*"""."? regarding displacement in the financial services indSSJes 

tL ^h^ lo^^edlorior^ P'"^-^^-^ -re circumscribed 

^nH K.^!^ ^ ^"'^ ^ ^° y^^'^^- The telephone and communications 

ieL tem'"?L': " ^ ex^rience job lo' efiS the 

^rnJ.,^^ ^ industrial sector showing accelerating 

m^f^ improvements in the U.S. Concern about its employmLt Jev^s ^ 

inlust^irf 'ff admiration for its efficiency. The insura'^S aid Snking 
industries offer opportunities for automation, but reports offering numerical 
ComSSrl%.1?''" °' projected job loss are Srd to comedy! 

Computerization appears to be but one of the many technological advisees 
affecting these industries, the commitment of which to empioymearlS^tion is 

1 ? °^ "^^"^^^ ^ automation'^r , more 

iJirifi^ ^* " microcomputers. Most respondents expect overall firm and 
f?^^J7i^^ T^' increase. Ten of the 19 respondents were in ™e 
financial services industry, half of these in life insurance. Finally the 

AnTlT, ""ffH^ """" °' °' "-S- Stoneman of tS^ U^L Soth 

find minimal job losses due to computerization. 

, Overall ihe verdict on the charge that computers, microcomputers or 

microelectronics will cause sizable job losses must ••n,;t proved" 
rnnaon 3 conclusion should not lead further to one that no employment 

consequences will result. Specific industries may be Impacted^SllyT^ 

smrs°' Zl'°,^T\'^^''u' "-^^ ^ ^^^^ for cer^a'in 

arise m ' ^ ^"''v "^^^ programming and software engineering, will 

1^^^; wo'^k may be encouraged. But exisfing laS^ 

institutions must cope with a host of complicating factors in intwdu^I^ 
microcomputers into their work processes, including the proSems a^t^d!5^ 
^'t^Shf'"* ^""^ assignments. intlrgcSg T^Ts'Zl tecSology'° 

with other ongoing changes, and tailoring applications for the specific 
r^l^fr""'! contingencies of their business environment. most 
radical projections - either of job loss or of beneficial impact -share an 
insensitivity to the arduous details of implementation. What^s needefare 
mSi^n™^ industries which are likely to experience substantia? 

l^P^^r^ ^f""- ^"'^^ ""'^'^ applications through field 

orSer^^"^ "7"^°* implementation costs and contingencifs in 

aDolL.^^ I '^"^°°^ble schedules for the implementation of plausible 

; """"'^ "'^^ ^-S- °f '^educed costs on service 

aHo consL^rH^°rl? ^''^''^ "^'^"'^ ^^^^^^^^ improvements, should 
IhT^J^. i ^' Studies presently available and reviewed here are. for 
T.t.T ; T"'^*^ ^ ^ °^ questionable relevance, or prolelfa fuLre 

based on primitive or even clearly inadequate method. * P ^ ^ tuture 

5. Applications and Barriers To The« 

► T^^ literature on employment losses does not fully reflect the 
potential applications of microcomputers. In this section, a wider range of 
application will be suggested in order to provide a. better 'picture of t?e 
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adoptioaiaTuffi^orol'SL'ro^L?' " large, the actual 

nu^r ofl.rrl.« iSch tectaologies faces a 

detrimental or blneSci is!^ J! % f"^°'»«": consequeaces , whether 

"hL'S'iSi es''b.1:eeTSiro':^t°'^ "'.""J' organi^ion "d°^'ge,».t. 
barriers rr""/"/treagthened. While applications are numerous. 

=??lHi~ 

s'ScSHSe,^^^^^^^^ 
P lax zed agencies for the aost part rather than of general public debate. 

5.1. Applications Posalbllicies 

mlcroelec'SoScs S^Lnlri'S^e'i: ^'S^e""' of microcomputers and 
technologies receive ^ * °^ attention these 

=,nn^^ w "ceive from those concerned about employment. These 

tr^8f:"o?«^M::'T' ^^"-^ ^° ^ o SjoLe the 

coSJSes: °* '^""P""' applications to smaller machines. Evans 

It is unlikely chat the development of Che mlcro-comouter «in 

p;?Sses""'cire':t''°«'' f".""^ °' for^^l"kU'^' 
purposes. Cerent restrictions on word length and speed of 

op«ation will outweigh the advantages oflfst SducSon. Moreover 

improvements In software, through, for example, ^^ sSpMoMStlf 

~Sr'*icTSc^'"'' ^creairS ci^^Sng 

1979' ^^^^"^"-'^o-Puters would not be able to provide. (EvSs, 

red d i^T^^^ S^JpSLt^o^ ^ Tp^lS^^^Ser " 
L»^%\-s^r^^^^^^ orgJl^tLsIrr dependence on . 

imrn-ryr,^^,.^ ui»ui.j.ve engines. ip.SJ. With regard to manufacturinz 
improvements in control are particularly important. . 

a^^T^lfl",?!;' " S se^lcoXLr,!- 
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ml... ^ financial press „as predicting that 

mlcrocoap-aters would invade home, factory, hospital, and store and auto. 
Sn./ ^PP^^">=i°°« predicted for "electronic wizardry" were home 
^ittSl^Sl ! regulation; machine tools and process controls; eyeglass 

teller'icSnes.'^i''':' ^--^-^i Point-of-sale a^d'automatlc 

teller machines; and auto carburetion and computerized traffic contrni a th^o 
ramn! California had already orde«d iS com^terizeJ 

ramp-metering systems for its freeways. ( Barron 's. 3ff). Another earlv 
prognostication compared computers to the ItHS-^gi^e. argSng t^at Se 
computer revolution had just begun. This article ItresseS'^bots 
jS2 nTf ""'"u'^ programming by untrained persons. 

ha??^cS.^ °^ applications 

One broad ranging review of actual and possible applications is the 
report by Evans for the European Trade Union Institute. SeaSy referenced 
here. This report is particularly detailed regarding ap^icatio^s in 
secondary and primary industries, but wUl be supplemented by other Purees 
S^ti:i"i"f'J°ssiJif;M'' industries. The folloSng paragraphs ^ovSH 
r^^w ^ possibilities, but should not be read as providing a portrait of 

in'ihe"lTfu"^ir1."^^ "''"^"^'^ '^"''^^^^^ "^^^^^ - be'^^ead 

Automobiles. Evans sees microprocessors as having applications in 
fuel injection and carburation, headlight control, traction control ShSst 
emission control, and "air rii«ih<nn r.,^r,7^,^^ •• u » '-'■«»»- i.uui.j.ux, eznaust 
3vstem^r rnn^r.„^» T^^ual control . He also sees more complicated 

fnfrk S ^ "^i'^h variables are sensed and, for example, optimum 

aS^^o^r?! calculated and effected. However, he aiso notes that S 
anX ^) f """""^ environment for electronic components, so that 

drafSn^ r'n'^J ^^-^O^- ^"P^'^ terminals are ^ed IT 

tltS^f technicians with the computer processesing the designs to operate 
automatic drafting machines and numerically-controlled machine toolsr 

con«of °^ri J',?^"^^^-. Cntchlow include inventory 

!nn?r u^'^'^^"^' production line balancing, though these types of 

applications have been studied for some time. ^ 

w-^iH^n., "^^^ ^ automobile Industry for tasks like 

welding and paint spraying. As robots of improved capabilities becomr 

Ev^fi • '^'^ "J"' P'"^ ' larger role in SsemSy op^^^Lns. 

fT^l""?!" ^ha^ robots may encourage "cellular manufacture" over assembly 
ioint at^Src's T 'H'r -rote three years ago from hirvantage 

point at the U.S. Bureau of Labor Statistics that there was no data on the 
extent of use of computers in the production of automobiles. (1979, p. 33). 
(Tl ''trSjoi ^PP,^^"^i°°? recognized the functioning of autos th^mLlves 
i!:?'' control devices) but not the major labor Inputs. A Business 

^survey^i^tes that in the U.S. robots have been used to relieve iHES 

^ u b^==^rdous, dirty, or monotonous" work, and quotes the "official 
robot watcher- of the United Auto Workers who comments. "'I don't consider 
this a great threat to working people." (Business Week. 1980, p 63). 

Continuous Process Industries - chemicals, glass , ceramics , 
petrochemicals, steel. Microelectronics have many possible applications in 

Sut annSL.T''"'"";/'"!""' composition of'^raw mateJLls Jiputs^ 
But applications are affected by the rate of obsolescence of existing plants 
and the very high cost of scrapping existing plant. (Evans, 1979, p. 490). 

Batch Process _and Mass Production Industries . Evans expects a basic 
application of microprocessors to be In hand-held electrical tools, improving 
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M^hanlcal Handling. Microelectronics have already begun to be 
•S -2?f««^ f td ^^tpt^trucka and conveyor controls. ?he^*Sy1oJ?rlbute 

Telecotanmlcatlons. This subject has already been explored at some 

countries. The applications affect manufacturing employees bSt SaT^ 
installation, maintenance, and operations employees! 

by compuS?TM?t^siErS%f'nh^r'°' f^'^ industry transformed 

of ^h,«»« 5" 1 typesetting and photocomposition. Possible are a wide ranae 

;fo^SJ!^^^ P""^^^ obsolescence of print media and tSlr ^ 

the Involve personal computers, particuUrl? the Jlrst three In 

Snii ^^^^^ 

to'::v"%rLJ-sjiSJt!' jsL"s°SLTvu- ^-'t.ir 

Srii„™»J" '•'r-^I-^'JJS-ic^'iJhli'S; already 

P'Mgacles . As a consequence of Insurance plan proliferation state 
all ten or the leading drug store chains have developed "ambitious" plans for 
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^n?^^! " °° ^ '^'^^ '="° y^^"- Ten vendors currently supply hardware 
and software packages. ( Business Week. June 2. 1980). The futuJe liSv 
holds computers with the capacity ^oday- s minicomputers ho^seS li ^oiLs 
coiLf"^" to today's personal computers. In termrof empJ^ent 
consequences, the applications considered here are intended to cope with 
econoTies' ^^^^P^^^^^ eternally imposed, rather than to effect L'^or 



ways to IS^. ^^^^ and insurance might be treated as similar in many 
rJLL orgSrzItions rf activities of many government Ld 
? organizations. Labor saving applications in banking and insurance 

^r^^an^L'tioLT^iL^^^^" ^ paper^s^ing 

transfer l^a^^^S^L"!^'"^'^'^""/^ operations and EFT (electronic funds 
S^ific w ^'^^ the other more salient. 

ir^ t tl ^PP^^""°°« lis«:ed by Evans are computerization of banking records 
:SecL ^e^of^'co^r ^^'^f^^^^^-^-^-^ of checks by computer rather tS^n 
62^63 ^' computer-read product codes at check-out stands. (Evans. 

tLlV' """^ °^ ''^"^ applications are specific to personal computers 

banking industry observers have foreseen the use of microcomputers STn^ 
for some time. (Lange & Kaplan, September 1975). computers in banks 

• Computerization is also encouraged by the use of electronic messase 
Stsl^* systems for wholesale EFT. Hall. I vice-presidSt of ?^i^ SSt 
ttlllnf^ w"^ f^"^"" Wi". CHIPS, and SwSlhiSr 

Jrfn^ctloifL?r'"«'.i°' "^"^ ^"'^'^ "^^'^^^ °f billioS of J^Uars of 
transactions daily. Hall asserts that wholesale EFT services are necessarv tl 

"°P^''"°"' "'^"^^ abill^^ to use f?oat!^d 

push banks toward increased use of fees. Fees in turn requlrrfor their 
proper administration the better transaction records^e ^ssiSe by 
JStes'S.'^"'^?* operations. (Hall. 1978). This rathe^^ lenithrargument 
f?ni r f '=°'°Plf^ity °f making it likely that computSization^l 

fomlS;rf ^PP^^"ti°°« ^ banking. However, the role of personal 
computers in banking is not so readily documented, nor are the conseauences of 
personal computers easily distinguished. In Bremen's Sew, for «^Se 
microcomputers are adjuncts to larger machines rather than he pri^y ' 
innovative technology. (Brennan. 1975). primary 

..Insurance. Insurance offers a wide range of possible applications A 
iHigeg Wgk article estimates that paperworkletween'^agents 2d ^0"^^^ 

Sve do^f w.S^'"^"" ^""^'u." ^ «=he complies 

have done little to reduce this cost. ( Business Week. November 19. 1979). 
Existing- insurance computerization has been devotidTo the industry's 

Sted trBlS^rr^ ^l/'^"^"""""* potential applications 

?nSfn?^ the following: claims handling including 

Si5^ Pfy»°»" ^ '^o'-Pany or agent's offices remote Som the 

policyholder's home; insurance program reviews machine-prompted at routine 

on-Sf L™? ^"L''°°' '^^"^'^"^ both customer a^d aSt; 

on-line terminal access to home office systems from remote company or asent 
offices; auditing or client folios following changes in covera^s- "aSlng of 
agents and administrative staff in new products 2d serv"L; tralnS of 

rL'ie^s'^s^aSom'ItiMSr' ^i^"" processing to handle updating 

requests automatically, such as when a new car is purchased, including 

^^a^entlTn'^H ^^i^^^^"' 1975). Applications Le more 

frequently noted in the life-health field than in the property-casualty field 
Pell, for example is among many stressing the usefulnHs'^f Jic^o^i^JtSs Jo 
life insurance sales presentations due to the high cost of customizing the 
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Ancipink, who covers automation for Best's Review, shows how 
L"pi«f'^v"^?7lf ' ^ T ^»f=r ^'"^ cuHsiS'se^I^e^Patricia 

.n^'^!!-^ -^-5Svl^ computers allow 

nomeowners policies to be adjiatel annually, instead of triennialir for 

Sep't^^'w StS^"' ! corresponding tripling of the worUoa". Tb^sJ"; S^iew, 

^?chTL™^* a 5*^' application is from a Philadilphia^Ssifny 

«8ultSf Ztf ^" ^"''^ on an IBM 370/145rwlth a 

agencies'te^'L^p^terl! reports. Business Week estimates that few 

"only a few hunderd of the nation's more than 70,000 independent 
ageuts have installed even limited data processi^ hooSps^Si^ 
thetr insurance companies." (Business Week No. Sfevember 19/1979). 

^ °^ ^ agents have minicomputers or intellijient terminals 
and the agents are buying minicomputers at the rate of 100 per ^nth^^™!n 
dfvSon" ^^"'-P^'^^" formed the Insurance Institute^orTsearch I ' 

Xls'bS AT^lTi'^ ^° that available to travel 

agents but, the article notes, this is a long way off. <-ravej. 

. . ii°£i Processing and Office-Of-The-Future. This field has been the 
aoni^iIPr^ attentJo— E^nHteiThSn^d processli is^Jtr^al^w 
inSlJSi^lLS' h'^'°* °' semi-standSdized SteriSs wJtt Sill 

SnfnJ^ changes. The actual impact of word processing, hovievS will 

depend very much upon the uses to «hich it is put." (Evans 197^ 65 f 

«tr'ieTal"?^?„Sr Se" ^^^f fPPlications in'^f ilin^'l^^f^'^afion' ' * 

SoTrse^jeLi^ifi::-^^^^ 

ST'f appliction. Evans estimates S^t^l9?8"Se« were 
JnS;??? ^f'*^ processors in Western Europe, and 400,000 in the U.S. Sth 
growing at the rate of 30Z per year In the U.s! ^Uv2 

i^^l^TzC^m.''^''^'' " ^ ^ ^atte'Ss^r^^Lsiness 

5-2- Sunary of Applications Potential 

na«« .rJ^ together, the applications possibUities noted in the preceeding 
pages touch most large organizations and many smaller ones such as 
con^"' "r'^.^^^^" ^^^'-^ agencilsrS wlirS SfiSifiJSal 
speed Sth w^?cr^ '' i^f^r^ce, and many other products and services. The 

tS LtV!!:?" -"fiS^fe the consequences of the applications and complicate 
^othf^J^,?" u ° «"Ploy»ent impacts. The safest conclusion may be that 

5.3. Barriers to Applications 

The fundamental barrier to computer applications is a configuration of 
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5.3.1. Co8t-Tl«e-Co«plexity Coafiguration 

fho ffrii j microprocessor costs are only a fraction of 

simple device based on a four-bit microprocessor /the difference 

baS m^nlngless r 

banking systems. (Brennan, 1975, p. 212). B as in 

about Ji:i:nZ\i:ir^:r^^^^^^^^ Sr''"° ^^-^^ 

liSS^L'te'sJiLS of the industries often seen 

ilKely to be significantly affected in the near term by small 

"321!' ? "^"^""T ' "°-l«=-°t notes that insurancf Lolves 

hundreds of variations and mountains of detail" aa well as 
constantly changing regulatione and multiple coverages S<,lc. 
such'S" '''^ "^^"^^ procedures tS:t"Ly'eno™J^ly 

n^w^! i \ ^"^««°tly changes rating and coding plans (indudinn 
Slanger"? 77'^"?n'«'."^T^ previously automatS obs^letl^^ 
rpni^rff p. 108). The instability may also encourage 

ratSer Sfdec^irrr'!" '° adjustment L changes 

rather than decentralized personal computers, especially 

freestanding ones. The difficulty of developing applications in 
such a turbulent setting is patent. applications in 

^n A writer for Best 's Review comments that some of the difflruli-v 

tV 1^°^"^ applications .-HilJeT ^TtH? insurance industry may ^es^lt fj^ a 

th1"2;t,t1r"kiUs1^e'Ll"i'\^'°^^ '^"^^^ ^^"^"^ id"hf nefdTof 
In r^TiTfl 3*^113 are in designing systems to handle large volumes of date 

Sinf tf^^ ^^"^"^y schedules, but these are n^ the 

com^iir 1 '^"'^ °' management information needs so Lny 

companies now have. This article notes that new systems need a great dS of 
system'^v^'^r adjustment so that the process of deslgSJg ^^ew 

ImrmSL^StlJr v°/'"' lengthy. dfveSp^e^r 

h,«f^oaf the systems are vulnerable to obsolescence from chanzina 

be"ng^s"?ied jr^^'d" '^^^P'"^' ^^^^tionally. as the sys^L is 

5!n^!. ^ I degrade the capability of the data processing 

department to perform existing applications. (Best's Rev iew^y 1978) 

hl'LXs'di'^'"." automated-lSSe-iisli^ce Lne'I'b^t found 

the savings did not justify the investment. (Stillinger, 1978) 101-102). 
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ar„.™««.^ . problems are likely to be overcome In the long run - the 
ImL^SJl^"' ^ sophisticated applications in InaurancfarT 

Ss'SaSatloro?"?h '^"^^ develop^Lt L 

iorreiolutioLrr ^PP^^-tions discussed here will S evolutionary. 

4 „i preceeding illustrations are from svstems 

^^^^^11^212%'^^'^'''''' ^« ^P°""' appUcHil" in banking 

^ ^'"'^"'^ personal computers will be applications in wfalS 
s^ste^Le'^Sff"'* used interactively «Lth larger sjitems. tL la^er 
of s^iw! ! f" ^""8* capacity, for example. Thus the Spact 

of small computers is critically dependent upon the design of much lar^^f 

llT^rl Se h^L't!; '^^^ InterS^e. The evfdeJce s^ems tf 

wuTritigLe'Sd^dL'^!' f '5"" ""i "^'^ complexity considerations 

oJer ^e ?St Scad"' " ""^^ """P""" » ^« I-''" 

5.3.2. Soae Residual Moderating Influences 

Son.« of 1-"°"*^!^ considerations are also barriers to rapid change. 

Some of the considerations noted In the literature are familiar coapSs 
that bear repeating In the face of unbridled optimism. For exaopl^ mu^S 
depends not only on an abUity to provide uaefJl software bS^a^ 'on 
competent instructions on how to use that softSr^^ So^"^ 1979) 

the'^JJSratioTif'JJ'""'; '''f^" depende nce o^ the ^JgrLLs «; 

Seak dl^ 5^- . "nderwriters. Relations between these twTgJoups often 

break down due to the complexity of applications. (Erlanger, 1977)! 

leJtiS^SciTLr'^^' '^'^ "^'^'^^^^ "^^^ t^se^vLes they were 

f":Ser'':;stei?'*(Stm^%%^"!57^5 ^'^'T' - 
fl»..„i-j»= lu (.atiiiinger, 1378;. Baron asserts that few riaoroua • 

f Investment in computers have been carried out S 

Htfrl .t countries (Baron. 1976). On the other hani! K^S LS LSe 

report the results of a 1976 survey which Indicated that 45Z of mSdle^SLd 

and 552 of large-sized banks used BOX as a benchmark in evalu^tiS^co^n^^f^ 

resisted robotics strongly, ( BmImss Deeli Jane 9 1980) tMl nf-H S^r 
llS^Zl Zs^Z'Jlrt'?^^'^ roToM'b.lJ^'^sp'Sc'i^t.r^'rs on 
fei^s^S- jLrlr.SS^er-LTs Sir'^.X"l.a-tilLl:: ^'Llf- 

displaced." (Business Week June q ioan-\ t« lu ^ , worisers were 

almoat inn? J !l ^' In the telecommunications industry 

S^rlLl 5 the nonsuperviaory workers are unionized. ' Dymmel notes that 
contracts protect displaced workers. (Dymel. Michael D.. 1979). 

in the itT" ""^T """^ ^"""^ ^" sample, in banking and insurance 
in the U.S. - worker resistance to computerization might be Expected to 
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IZy ye"? JLoS "'^^anxzed Banks have been involved in automation for 
ITsl ZAlt^T. u^ appreciable incidence of unionization. Coleman and 
l^t Sli io ^P*^^^^ "^^^ °° J^b security and report 

5nh! 2 ^ °^ "^"^ Significant of numbers of workers lost 

^2na ! of mechanization. They propose that threats to job s^Sty or 

tJ^e'ol Sp^^i^iP^''^^,^^ "^^"^ ^° 8"w in banking. S of the 

- spefif^^aSv ll;. u^'^lllngness to recognize small, bargllning units 
^4ff? " processing groups in a number of cases — made it 

R^ff "SL 1' "^^K ^ ^ '^°'^°8- (Coleman. Charles J. and 

!nr% w 1975). A change in this policy, and a consequent 

unionization of data processing or similar small technical unitrmJ^t give 
labor organizations some effective leverage. units, mignc give 

^,^r, 4 f""*"^ ^ ^^^^ British government computer staffs went out on strike to 
33I OO^'irZ'f'r °' " comparabUity study. Only 1300 of the aff"cSd 
tax'Sl^Mon °° strike,.but many critical functions, 5,uch as 

IT ^79^ *; payments to contractors were stopped. (Business Week MarS 
12 1979). At present in the U.S., workers in banking, in surance, a SdTther 
non-governmental office industries would find it difficult to tak^ «mp^SbL 
action to protect themselves against adverse consequences of comp^te??SSon! 

5.4. Three Skeptical Illustrations 

operations of banks, electronic funds transfer, and office 
automation are three subjects which have received much attention from those 

dSf"ci??v'S'"''M'^''r °' ''^""'^'^ ^'^^ f^^" encounters great 

hut fn^ of advocates of automation, however. 

I different reasons: complexity, external factors, and 
conceptualization, respectively. 

■gHS^/ccounts. Trust department automation is representative of the 
^i^flLfi^^ encountered in fiscal services. The most recent 
report found is several years old and may be somewhat dated. The problem 
structure, however, should not have changed in the past four yeSs^ 
P.ch presents trust departments as composed of individual accounts. 

ml '^^^"^"^ ^'^^ requiring detaUed. perfect, permanent records. The 
It/i I A ^rt^^ ^ indicated by the automation effort of one bank, which 
tttT . ^^'T terminals. 400 programs, and 20 d^ta 

bases. Available packages run as large as 100 programs. Only 1/3 of the 4500 
IIT. '^T"'"*^" automation in 1976; tL development times of 

lZ:^n, ?:b"ufry TllT""' ""^^^ '"^^ ^"^'^^ 

nr.^r,^^ ^ assumed that trust automation is not successful; the 

e'^fo" selo^'it'^i: f ff«-t. first this is a very complex, long-te™ . 
ti l ler, f""*^'/^ 18 based upon large computers or miJ^ipie minicomputers . 
Sd n?hfr ff^ ' 3°,^'=^" ^ °f computing power il necessary for tMs 

T.t service jobs. Third, while personal or microcomputers 

specific alnScf^' %''"p^'" ""^.^ automation - though no mention'^f this 
Hilt application for PC's turned up in the literature reviewed - they 
exist in a dependent role relative to larger machines because of the magnitude 
or the automation effort. 

Electronic Ftmds Transfer Sjgtems. Not too many years ago, 1980 was 
considered to be a target date for the cashless checkless society. The 
^.^Sk !^ ^! available, and is relatively less vulnerable to labor cost 
1980). conventional manual processing of paper. (Waldron and 

Among the EFT services possible are credit authorization, check 
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of funds amoSaccoS?3 ' payment, purchase payment, transfer 

Ball, p. So)! l!crol'tJp« and credit purchases. (Waldron and 

widely ^aed. ^ automated, but act all are 



cost of SnLig^ ??^n^sactior°an°d thlliff^^^Sfy o^-^altiS^^^^' °? 

S same barrier. The capital investment in hardwarVan™ 
seJ^Ses'v«t ShJ ^/ "fj^^^^^" '^^^^^ «>»ke breaking even S si^le 
v^^f1c\%i^'^e' ^i«%^i,.,^ ^"-^ven on ctck 

5000 transactions per Si^dr^n ^dZr^^ft^? ^ '^"'^''"^ 2^°° - 



• (Waldron and Ball, p. 45)." 

barriers!''somrru3%'^::rs'*:rTLt%:n"^'r" 

c'ustmer^ T S^is^^aTs: a^ ^ TlsTTretlir 

oTZZ is a^rr1er"1o"'^th'1 -e. to the disadvantage of either"^Jo.er 
happens if a^!^!7^^ authorized use. Concerns over reliability - what 
SwMts^e '""'^^'^ - customer's checks bounce? - " 
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problems're^ai^!^ ^ll^^TeLTellTdl::'^^^^^^^ 

government policies JTcLtriL f ^ technology and more related to 

that development will rnntlmio ^« ' still, in 1980, suggests 

JSroV^d^^jr£-S^^^ ^° 

Su iSn%a1r2:en'^ SMtd^Si'sySe^^ S'T^"^' ^"^e organiLtions 

consumers prove less^Lt'SS^L'st^c ^^^^^.r" " """^ " 

Gronn Automation. Strassman, of the Xerox Information Products 

"caSSalSed olf? '""f T"^^' efficient and heav2y 

compS -San tircSfn^'e" ST' ^° ^ difficult and 

IriliT: ^ necessary for industrialization." He 

Current discussions focus too completely on technological 
developments; serious planning for the Lanslclon to oSce 

reIl1^°!T'K!?"%^" '""^ of computers c o^d te fully 

realized is being largely neglected. (Strassman, 1979--80) 
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professional/ technical/managerlal/adninistrative. He claims that "future 
opportunities for automation will depend more on fulfilling the needs of 
knowledge workers than on eliminating monotonous and repitftio^ "erical 

mSg- ^^^^ 

te1S^o^^^;L-%1~/.e^^^^^ — that'availahle 

oi^^rS'' '^^'^"^ currently available have little direct leverage 
?mna1t S^^'J- ^o-^- of knowledge workers. Indeed the 
i!S fff-" ^"5°°^^^°° °° ^^^^ personal working habits has 

wXr"t*i ''^""^^ communication of knowledge 

workers is largely unstructured and ill-defined, (p. 58). 

^° interpretation of the requirements of office 

S^JSTSf Strassman comments that the tendency 2n automated information 
J?ansac!l^^f "° "Industrial model" of standardizing unit 

el^Sts ml L llT^'"."."""' ''""^'^ ^° complex functioS from simple 
veSScftln^h . ^^P'^*^ '° passenger reservations, payroll, or orde? 

Tnl . f ?■ • ^ symbiosis of clerical and knowledge workers The 

JrL^^acJiin'^ofui': °' information automation stresses these sLndLdlzed ^ 

^? ^°l™es. and simple systems for analyzing cost and value 
considerations so the most economical configurations can be implemented. 
Large systems have been built on such a model. pxemencea. 

a, rhP« f"^^^°f sees that such systems fall victim to their own complexity 
cases thfrSp ^'^^"f^^^' ^ transactions must be treated as specSl 

cases that the exceptions over^iielm the human system. Error rates g?ow and 

m^h ^"^ '^""'y - ^ 20 to 15 tiSs as 

or^llLM^"? ^ °'^8inal transaction cost to handle. Specialized 

oS« S'JoS „l"?i'L'" ^""^'^ "^^^ information'^workers in 

™!nJ° ""''^ exceptions. Each unit develops its own 

aS^J^JinL^ ^"'"^ ^y"^""' «hich it defenSr 

?! ^ ^" "^^^ ^ " change. The end result is 

Stora!Lt^^:r\"::dtits:"""°^ ^ ^-"^^5°^ 

of what officerSo"L"5' '^^^ ^"/"tomation requires a reconceptualization 
or What offices do. and a restructuring of office work. His particular 

W^f'n between diverse Justom«/^ients 

Sf r^^M^^^ I""' °^ bureaucracy, is of less Immediate interest than 
^%hf^^ ° organization. His representative example is 

rfnff ^'^li^e f"ervation clerk capable of making flight, hotel, or auto 
rental reservations all over the world. But he notes that it took 15 Jears 
for these systems and organizational structures to emerge for the alrlSes! 

More to the point are the tasks which he sees remaining to be 
deM^fJln^ He enumerates among them: telecommunications protocols, data 
definition conventions, access to distributed data bases, privacy, sec^ity 
intlrf "^^^^"^ °' information, synchronizing learning le^els^ ^ 
interacting people, unambiguous expression of procedures, and procedures for 
approving changes without encountering the problems ^sed S cSrenJ 
lliZJ^ structures. Further, he argues that progress in office 

^w^!d information be converted mo?e completely into a 

alvSLge™ ^ something to be hoarded for power aid status 

Viewed in this light, it is not surprising that Strassman considers 
real office automation to be a task comparable to the development 
industrial era commercial codes" such as the "banking system" and 
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"standardized engineering specifications." Strassman asserts that to m 
ll^lU ^"'^"'-^•^^"^ repetitive clerical functionsr^"? ^^onsJrStive 

a^d^siL^^ srr^f^Lrf/"^" "^^^ ^ ^"^^ 

6. Iap«ct of Psrsonal Coaputers on Work, and 
Changes In the Nature of Work 

The main policy-relevant conclusion from a review of the imnaet nf 

Employment is an Instrumentality, not an end-in-itself for an 
increasingly large number of people, m'the two-plus Income touseLS 

"I LTL th^'l'"?''"""^'' dlscretionar? in Schorl r^^^n it 

Has been in the one-income household of the past. 

-.J- K ^ r*"""^ caution deriving from this review is that policy not hm 
m^. based parochially upo^ a model of the desirablt wTrk setTia« 
•^in«L?^r^'"r""*^"'^' w«ll-p.ld professionals! ^„e L * 
sS^J?«if diversity In what people want fro. their e.ploy.ent 
aiJ?! f K?: «°»«ro«"t agency executlTes and staff anal^Ms are 
J««al fiSorf^r'*'*"*!"*?"" "^^^-^ locaJJJi^JJ^n tSe 

otherwise^ '^T.', tiTirs-%SZS?2iL^^ -"^^ » 

Sie'resli'L""' management, greater InteldelendLle! more 

i^tf:;!^ ^'t' "^"tion of new hierarchies. For the most little 
Jh«L!f. Tf^'^i!'.""' "^^^ "^ly"" carefully thought o« or ' 
««J^te« •Peculating about the Impacfs of perLnal 

oTSrT i;o:::er°!'1n'1Ji:°se1S:; °J contemporary de^Snltions 

^T,^ nowBvere xn tola section, some comou themes will be reviewed f^rat 

^tt^l Tty^T^' "^^^ °*^«e °* Will be offe^fdf • 

sta?irihSh^M^"^u P'f!/' ^ separation of production, income, and 
status «Wch this author believes. Is more advanced than one first reSlzes. 

. „ The common thoughts on this matter are sometimes contradictory but 

oSLSSr^ Ss'TSL.?' ^-8hts can be divld^ri^to'' 

~ 2e SeSn^ SSw T'^ ^P"5«" " especially personal computers 

and drone J^^s^th^JSrS LtwJ^" ? ~ ^ ^"^^ *^1'=« 

Sifh'-jns"^^^^^^^ ™ ^^^"'^^iT^ romS::rSir 

^•^d«^ie "llinlJ'L"*^ mystification untU it becomes^parasi'^i'c'ralher than 
•W^^^1^ t !l°*l^co°s«1"«nce is the reduction of white collar workers to 
variable costs much as blue coUar workers are often Created, srjer^l 
articles bear directly on these visions. created. Several 
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6.1. Optimistic Projections 

The ultimate to the development of real time systems is the linkina 
oL5iions'5;Si"°"°'' ^^^'^^^^^ "n"ol and ordering Sereb72l 
(E^Ms 1979)^ ^ organization become computerized. 

aualitv idea is that computers tocrease the quantity and 

quality of data available to managers, either to real time or throuzh 

IcSfTcoeen'^?r'' ""J'^f * ^« ^""^^^ ^^"-^ as "vSta^oS! though 

Ackoff cogently argued the opposite a decade ago. (Ackoff , 1970). 

lnfn«n.^f°°^^!'^ provide managers with more data or «lth different 
information: but as the general semanticists are fond of asklng.H Jhis a 
ttilll Z^ ^ difference? One tosurance article SS« a picture of 

StrLrl'^^;?;.'^';" operating results . greater productivity. Ld Sployees 
with more varied and satisfying work, to this report, underwiters 

todlvJ' r'^^'^Sr"""" ^'^'^^ P^^^'^y rene'^'decis"^ so h^rthe 

JefSS^ "^f "^'^ concentrates on toitiating business and makiS 

(Sst^s Lie^ "P^""'^ ^° '^"PP^'l signif??antly 

3 Review, 1976). Short of substantially more research using very 

S^^^'^f conclusions are that computers, 
JhirSiv ?f "^"J P"^"^ managers with more and different tofomation 
^? 1^ f would otherwise have. The consequences of that toformation to terns 
of decision quality are much harder to measure. "iiormacion in terms 

^h-^ report on cash management systems at Chase-Manhattan Bank claims 
mS) Gi'vT^h"i'^'"?^" °' ^"^"^ drudgery.- (OsteS^ May 

well flnf Ih^^r Vk^^^"*."^"^"'^ computer systems, many people may very 
?S Jmf ^ ^ becootog more toteresting. The novelJy may wear of 1 

fJ!^f f.^"?^!.""" ^^""^ ^ mastered, caution is to order mtll more 
systematic studies are completed. 

c.o™T»n4-.f^°'^"^\^ ™ article on future structures for life tosurance 
companies sees tocreased Importance for branch managers. Branches ^11 

Stor't'-'^LSI^?'^'- "T'^^ "-^^"^ become "the comSnyTthat 

••U^Ln!^' °^ marketing and admtoistrative services, a^d 

perhaps even profit center responsibUity. ~ Distributed processing . using 
(?~'S:y'l?7l)?°°^'"^ ^^^^ decentralization^ possibfe."''"* 

^, ..h» n?S^^^? ^° decentralization and to improved social environment at work 
is the projection of greater toterdependence among employees. Rudy sees 

com'p^ter'St'i^r "ir^f "^J"^"" ^^^^^ Le'^writers Lc^Se of 

?n?o^!^ S™*' ~" P"^"^ With up-to-date 

toce^li^ ; °°K?? incidence and cost of losses. The underwriter has an 
Jo t '''^P^"^ P'°P^"y description from the client, and 

llr^^i ^f/° 2? adjustor. The two then toteract around 

loS^r 1%^ cooperative toteraction can be prompted byT 

lilts ^u^*"™ calculatins and store tofoSati'on. (Rudy, 

1976). Particularly when the toteraction is computer prompted, new forms of 
aS5iv'of"°'t'??J°° The meaning of^^his", in temf " 

IZl vlJi T ff ^ self-evident. However, it is r^t hard™o toagtoe 
many kinds of effectiveness improvements resulting from computer-prompted 
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cooperation on the job. 



1^°^^ °5 these positively valued changes in work involve vaaue 

i" e«\g"a:eTr™°er^^^ °' ^^^^^^f^^oT^^^^^^^^ 

investigated by a government agency truly interested in the quality of working 



6-2 Pesslaiatle Vlalona 



Hara h« u °f course, and it too bears Investigation 

Here however, the variables are often more concrete. One con«^ for 
example, is with the coses of data processina staffs — Th- T^' , 

TJSfJ l^^-se. dac control electa, JhedSllLIHtS Stc - 

create n^S^^^!!"^"^' themselves may reinforce existing status rankings or 

long distance calls, (dark, 1977). RelatS S tMs ^ht Se 
STc'S S^:^ surveillance of employee productivity, wo^^ce^ ^d error rates 
Si^r.^?;; " ^ realistic possibility for workers Z regSar 

SgSnlJ^; computers. (Evans, 1979). Such surveUlancIlJn be 

'^^roTT^l^Z-^^^^^^^ - -e daily 

^thln thria^r»L°?c.°!^S'tSs":^^^^^^^^^ 

computerization the workforce la divided into two gro^ "e^rly 
sSrS°i^S T^'" capabUity. He fofsee^ an^SSLtlon of 

^ maintenance and repair, tool setting. (Ev^s 

criltion S'Se S's"^?."'*'' ^ ''^ ^ Stem o?;ew jr ' 

?Jr!i2n.?^ ?: '^^^ J°bs created during the decade of 

(5Lt L ?§77r"ir'*ir ^^'^ io-3>^ii. io«^p.y^c^Son2! ' 

:SL^%oUaTL^l1«J: - -ng - - 

• Rather than projecting computerization, and particularly 

prlf"^^'"":^??^""' Jr''^ realization -ol'^^Jrofessional.s 

!»nf;™.T^ P'°J*^^ computerization to lead tolreater 

SuSSSic* polarization, ^plo%r 

surveillance, and the development of new invidious status hlerarchtea Boi-h 
Visions are highly generalized and difficult to test e^^JricLly! 
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6.3. The Cbaoglng Nature of Work 

Employment is a political demand, a social status and role an 
economic means, and a psychological satisfaction. S S^eSping^lSies 
regarding jaployoent. collective need and individual demand mS? a 
minimum, be separated. Some changing features of employment in the a^Rrezate 
surpl^"rL^e.f '° f ' °' "-''^ Plans'^ll ^ Sis^^ Se 

?a"fs"of1or"k'i!f! '^''^JS^Jt' ^ constituent 

heing dirursel!"S:3T-d1ter2van^^^^^^^^ 

r^"«s?:eiio'r\;e "f^'V. '''''''' — pations . Tuar^leeTS^ii^ ^^It'Jo'ns. 
work ^bh^M 1^ educational leave, voucher adult education 

work sabbaticals and other techniques for redistribution of work, education 

??76 oro^!!: f l'^^' P- The LifetimrLarSnTl^t of 

lelve' iNollen ??7a?^ government efforts in the area of paid ed5ca?io^l 
itlrtL ^ A : "l^^* ^ ^^''^ government has attempted to introduce work 
ttl^' European governments are pursuing policies which uUioSelv 

??^o2^Tm '"""^ °i f'li^'^ibuting employment ^o^ social gioups."" 
(Europe's Jobless: No End in Sight?". Duns' Review 110.1 July 1977). All 
these innovations in employment are receiving increasing attention a^d 
foreshadow changes in working that should be%onsidered'w^e" at^empt^^ public 
policy innovations to cope with changes caused by microcomputers. 
U s ;f°''^'^ "i^^ ^ ^"°P« ^ work humanlzation and in the 

far\^H ""f"*'^'^ « "quality of «,rkllfe- may forshadow a decreased concern 

fLniar/ ^ ^" '^i'^^ meet contemj^r^y 

^ represents a shift away frT ^ 

ilth tJnL"Jeri?;rr\^'^ protection, and toward a concern 

witn the broader life of the worker. (Kasselow. 1977). 

"linear uJ^oJan-'^i^S'^ ^^f°^' ^ ^ questioning of the 

,:o^!nJ» J ^ f education, work, and leisure. Nbllen argues that this 

sequence is no longer desired by many people. (Nollen, 1978). 

TiV^ ^® part-time work has become increasingly common 

Sr'^-t^ie^wLTL'^r' "''^^ (CainrMi?cS°m?). 

fn^ar.^ function of social insurance: the lower a man's "primary 

F^tw ^f*""""' "^^ ^'^^y ^ ^« '° "^"^'^ working- (Roni,^978)f 

sSes Lid sT^J^rf '° part-time wo?k than others: 
(^nes 5^^^; J "^'^^ craftworkers and operatives are not. 

maj new^ys'S^L'^r^rho^ S communication with larger systems 

f^i ~ J. ^ working at home, they may also expand the possibilities 
for rewarding part-time work as well. i««aioixicies 

n,,^ m™^^ fortunate if personal computers were to facilitate 

part-time work, job sharing, and other employment Innovations, particularly in 
Jobs requiring advanced education or skill. As Best and Stern (1977)l^^e 

techn'Icfr^iSs °'TSi'''' 8"^^ professional and* 

Sro?^t!oni r'wn^^ ^ '""^ repeatedly in Bureau of Labor Statistics 

projections. ^(Wool, 1976). Contrary to expectations of "skills 

fSnr^^f! 't^''^ "^'^ earlier. Wool's analysis indicates a growing 

shortage of people to take the growing number of "loier level" jobs. *SSn! 
^J^J^^L"^^ ^""f! palatable as part time than as full time iork. Zd, if 
these jobs can be eliminated through automation, the nation might mourriess 

Wtro^lfi'^ "° ^J'f'""'" «° Wool ^tes that thesl joS^re 

functionally essential Co the economy and society, as they involve food 
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The shortage of workers for low-level lobs, in the face of hl«h 
™S:t'oS"?'ef:S" consideration of J naturl S*„frrit1el1'Ld what 
B««m«Th« ™-» aaauaptlon may fit comfortably upon the kinds of 

7««!;w u meaployment with poverty seems to 

diatinl•^ Q«t« t^*.^- lor uie loxe rich. If the two are not kept 

seeto^trf^^^ ; • be pursued, as when gover^a^r 

seeKs extra work for a person already worklna h«rd h..^ " 8"*"u"w»t 

SrfoL2''°i:;''° of enpioyment wo^j :::e''2cJ::'coJdit2Sai'"uj:r^^ 

ZJlZt: "^""ll of employment are possible. ^J^. 

ItrJfSni "^"^^^ dependent upon their ^rk (such ^ 

S«lTy°?ec'Sj„nid'1J -^rSS'-^S'^H^* r^i« ^ occiSJtionI are not 
gamer^f" S^e *rmaS^iS2^; d.«..^f'"'"f 1^°**' 'ol^teer efforts 

accorded (irsoJe^r?jS)^«rS5r? ll"^ recognition similar to that 

1 ^ persons in high status jobs. 

aaareaat! wif^i-i^ i""*''^''"* ^^P^ the individual level. At the 

v«y SSicS^f ; J?'"*.^ »"88"" that e«pS;ment 

hrLMrti^LSlojfJ^ ^ * ^ valid across cultures. Sapioyment. 

SvllISS^ ^ ^ genomic and SciT ' ' . 
^F^orkers.- ll^:.-\^^f'^^^l SSfSI^-- 

;ffo;t"anrth\%'L"to^j LSs^^^L't 2 ^'urzr. ssrr 

rn?o":i'"° i transfer'payaentl.ihe JerTLtJjn^f 

employment becomes tenuous. (Mouly. p. 2). "oi-i«B 01 
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facto notions of employment which underlie any government polSy" desLl^to 
^cl^lll "SriT" Potentially em^foyable who^Si^b^ef Lfect^d 

by^co«_paters.^^Only^ia a strict market economy is the definition of employment 

llli^^^^^: ^ dominant aim (as in a war economy), the 

desirable limits of employment ~ i.e., full employment - will not 
of SdmLT'!^ f"^ f le-bodied person is at^wor^i;. Lrespecti^ 
of individml wishes and aspirations. By contrast, in a welfare 
framework ^ere leisure and consumption are preferred, the 
lll^'^^^ H f"i^^ I»P"l"ion will shrink and the level thought to 
constitute full employment will be lower." (Mouly, p. 3^^"°"^"'' " 

hpr»r„»o"°yi^ also believes that current discussions of employment ignore the 
Jnd^MSlLr ? 11'''' '^"^^ °' industrial countries. Ld'Tuff er'^om 

individualist fallacy. Terms like full enployment, level of employment 
unemployment, and the like are "catch-all mtions hiding a muSipJS^'of 

"str^JuralSt" "i"'""/" ^"^ he^sides^jS tSe^ 

is a^^^S "aggregate demand" notions. Further, each worker 

iLt °l ""''^ groups, at a minimum usually a family unit aSd 

w i f' '^^^ individual, is the economic unit. ^MSSy ^ 4- 

SiSv"'" University of Michigan income Dynamics Panel StudSs ' 
the careU^ aS"^iir/^S"i"^^^ °^ "non-problems" through 

Js v*S^n?s ^d ^■^'"'^r' °»Pl°y««=t: terminology. The real issu! 

"L^ Jf^ ! ' ^ «*»o can do, what kind of work; and who needs it done. 

Eaploynent," he writes, "la not an end In itself, it is a means of Sin« 
resources so as to satisfy human needs directly or indirect?^ (Mb3y?%. 

^h» °^ implications of the notions of Sen and Mbuly for 

the question at hand, public policy response to the impact of SrsonS 

Herf teL^r""^^"^^"' d^ta than currently are avaUable. 

Here, however, one message is clear: caution . The growth of oublic and 
private social insurance arrangement sIH-EHi last gSe2?ion,^Se chSfin« 
demographics of the workforce, and the general lack of penetrating SSfS over 
^ei%h"°r'''^''"t''°°^ °' employment 111 litigate agai'^st SsJ^'po^Jtics 
when the impacts of personal computers (or of computes in general ripon the 
workforce are arguably slow and fragmented. seuerax/ upon the 

7- Politics of the Uneaployed 

onnaon Before considering government policies to deal with the employment 
d^^Hnr^n" P?"°«^1^°>»P"«=«3, one might well ask what those affected 
^^Lr^lden'^f^H* 3hort section reviews very briefly some recent 

e-s:ris-Ltrfrti s^gr^i^^e^s^^^^^^^ 
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Sa^Sel^ ShfS ^ \ Economic and political attitudes were 

SSSat Sf^™ ? aaployment status and social status measures. The 
findings affirm a Uck of "class consciousness" and a atroM fI^^h 

Sr'itT"^"'^'* -employed'aa^Jl? « Joye";. 

StJ?Jd.s 53St""s?^.rS*' -"-Ployed poor, who told'^^dical 

briJ ^SLury is^aky. I^isvij ^lT^\i^ "2!^ ""^"^^^^^ carefully, 

r^d^fiTi^rsLT 

vie» of Aaerican so^Zet^" 15l!l^r^ economy and their more general 

for self-eaployment «e Jlightiy leL Mtlsfi^d^.h ^ 

exI»r•^fln«.«. -u >.su«.Ay iBBs aatiatied with their personal economic 

'"'^ ecpressing this desire, (p. 160)7 "NeitSr 
rzJJ) C'cSss^ "^T ^ of class consc^oSjess." 

ec^no^Jc policy preLreL'L r^^ little aasociation^th 

unrZi; Circumstance and belief. "Political beliefs see^Jola^e been 
aS^^^n grounding In objective socL? SrcSStaSSa and 

SS"m1he''pa%T-°°?r SS? "^LflJ^'""^ demographic bases 'Sa^ ^tr^^ed 
^^-Ti ^ . ^°^v Hagardlng attitudes, the followlna four 

Je'te"; SililL'fr; individual saiStilrare 

~i!m«;,^ ^ workings of the social system, opportunity, and 

relations among social classes have coherence; personal «perien« aJd Sclal 
geology are not related; personal economic circ^stances ^^^^0^ 
S S^rtl^r 1^7 ^» collection of flSl^J leads to 

J^nJf^? u political demands from the unemplo yed to rectlfy^eir 

an V'J'"''i^'u''«"""' demandTf^r-Sir ch act^ion^fr ^ Sose Jlt^o« 

tL^^itiS ^^""^ attitudes and beliefs falling toliffe^Jt^^te 

the employed from the employed, it la not surprising thatl^iiticS 

S?J5Jes'^^^f '^'"'"L" '^'•''^ discrlmlnlte befween tSie t^group.. 
f^^» Depression found that the unemployed tended to Sthdraw 

from social participation and organizational membership. Todarho^^vS .S 
unemployed exi^ess similar degrees of interest in politics - J^J^SI equlSy 
likely to watch telavlsion and more likely to participate In amLtitJ 

" ^^^'^iy lil««ly to ^ad'the SeSJIpel or'Jite to the 

controlSd °°;p '5:r24if'"S''' Ji"^*^' ^'^'^^ wherS^cupati^Ji'Je^^' la 
concroiied. Qp. 241-245). The evidence indicates that "anv rfiff-i.«^« 

do.. XI «=olSxSio"rj.'tii„ wjssj;^.!''- 

p.r«>as """V •lectorate coataW more m™plo«d 

Au mil cne states, including the nine with the greatest pooulation th^ 
presidential electoral maloritv imo i<iaa ^k-^ ^u? Z popuxation, tne 
respective atatr rn taa? „ . ^* number of unemployed In the 

H7f>!r« ^ ^^^^ registration rates account for the 

C^itlt between employed and unemployed citizens in turnout, (p! 251) 

of"Se"J:iS:5el! I^ls^r't Sff ^^^^^-^ dlL'ffe«^;a 

« Bfioj'SB. vp. oz;. m general, differences between the emoloved 
and unemployed In political or social participation are aclouated fo^ by 
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of unemployment, (p. 259-261). tneir spe±± 

~ - ^^^^^^^^^^ T2.z^z - 

^ro.^^'p^"265)/°'''^^ °^ government official, 'a political 

ar.n„„« ?° serious lobby group represents the unemployed, although there are 
groups advocating full employment bUls such as Humphrey-Hawkins Se!e III 
unbrella organizations, however, the constituents of^LfS^e ;hei^ o^ 

IT^L^^"^" •^i"'"'- '^"^"'^ "it^h the unemployed is^gh 

bv^^concem evaporates when costs of ending unemployment are broaSed. (p? ' 

«uh^«.^ study, which is the major recent piece of research on the 

?uJi5 unemployed do not now, and are not in ^he Lar 

the^,. 1 ' "°"^tute a political force or issue of any magnitS^e! In 

gener^ SfL^rf^'^"^' t^^'^ ^^"'''^ °' Democratic caSidates in 
ITm^: - slightly, (p. 281). But there is no 

familiar electoral actions or public policies can have any 
impact on these results, or on the outcomes of elections. The politic of the 
unemployed as found by Schlozman and Verba, makes a powerfS cScal for 
their "benign neglect" by public policy. powerrux cynical for 
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CHAPTER 6 

THE PERSONAL COMPUTER AND INTERNATIONAL TRADE 



!• Background 



in develo'^e^^^^d^LXirioS^^^^^^^ ^'f" ""'"^ Infonnation ta'slca 

have broariaScta iSbSS fonoSJnT"*'- f«»P""" "° ^ «P«"ed to 

implications o^ of the 

1.1- Developing Trends in International Economics 

The background of the issues concerning the effect of ~r«nn«i 

cta" rSaat titi^tioS »»J fori ?:: f^l' "-'^ 
doflclt of Dmie. ™!i ; . "ports to the point obero m have had a oat 
1.1.1 International Balance of Merchandise Trade 

?S™ ^hoTt-sri-joL^i- -sjJioroi r-^trt'-sf'?! ' ;° 

11 Zl , . ^* concern to us here. Our comparative advMita»P il 

buinn—- decade. In the category of computers and 

rSa??;;!^^^"*' *™ the^U.s; has managed S keepT 

aavancage will continue. Increase, or darroAM tp ^ ; , 

economy m general wUl'be 5et^e"'o?l ScI^r^helcJeale S^Icf ^"1^ 
our international dmfirir f-M^^ tae increase will act to lessen 

oltl^t,!, ac?1i 2JiI"Jip:S^ i^'dllrSS.T'i^'ottJ'SL,'" 'Siha""' 

■ " Ida 
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5.5 
10.0 



8.2 
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6.7 
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22.1 
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36.8 
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-3.2 
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9.7 
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12.7 
21.9 



]^ j PI£ iOURCE; for«tsky, 1976 
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B^n^—^ ^^^^^^^^^ . ..le 
the United States in information processing technologies in general. 

, , ambition is not restricted to Japan. Other developed 

countries. recognizing the role that informati^ processing SSSologies are 
1° '° increased the Attention fhey a" 

co^fc. Britain, for example, has a national comittee 

sTrZtT^ "P'!f"°'f "^"^^^y and the government trconsWe" 

Most wLterf°F ^"""^^ '° fi^l'l °f automation. 

marLt Jn^.^^^^° countries have plans for entering the semiconductor 

the^S comLt^r -"^P^""" ^""^ ''^8"° ^^^^^ ^^^^^ to^rd 

I,rh "'"P"^" market by the introduction of various computer peripherals 

E?ectrL' ^? f ^ microelectronics (K^ LSpie Nijpon 

ItT '^^''^ °^ 5% of the US market^or 

SS"3t:::b:r"'"79r '° °' ( Business 

It is important to stress that the computer products import 
f3L P^""",,^ States is not'^one If th^ Lr^"?" being 

ot the Imported technology is quite good, often demonstrably superior to lis 
'rS'^aS^''^^"^ P^i"' """''^^^^ to'Hewlett-Packa^rcir St er World 
pro?2t Lr^^i, ' seeking to get the besrSty 

product for his money or the lowest price for a given level of a Jlitv l 
select an imported product because of this advantage. Ss rflSs to'tS^ 
proi't.rr'"'"/^"' generally not covered in textLks^tLt fol every 
lln Zl / I price-quality-quantity demand surface. If a L^Surer 

lT.rTt ^ ^ ^"^^"y same price, quant^t^^n 

increase, sometimes substantially more than would be caused by a decSaL in 

noi't"' '^"^ °' ^"^^"^ ^^8-- 6-2"? L'cons^er does 

not perceive the various forms of govemnental intervention which ^y act to 

trl^t the't's";?;?: f ' ^^^"^ " ^ following secti's Si 

Jn "^'^^ ^° competition and governmental intervention 

in the market process as it relates to two aspects of the intemationll 
market: Importation into the United States of persoLl L^^t^p^oSSts iJom 
iT^lr f^^' exportation from the United"^ States of s^mSar pr^^^ts 
and/ or manufacturing "know-how" to other countries. proaucts 

.u , A fundamental concept in the economic theory of international i-t^a^ -r. 
the law of comparative advantage propounded by Rlcardo ii Jsr?? Ss 2w 
el^enTL°^S" 1 economics, assumes free market conditions. In it ^ch 
wi^r?^ L market (each country, for example) produces only those ^oducts 
r^l!^ 1 P"duce best, that is, for which its means of production are 
relatively most efficient. It sells those products to othef^St iSLts 

iest"^'^?: '^f 1 '"'r " "^^'^^ ^'^^ °^ elements^afprolSe 
SlL^ih^. ^* ^] ^^'^^^^ ^" ^^^^^^ at optimal efficiency and 
distributed equitably through the processes of the free market. Each element 
finds its particular niche in the economic tapestry of tS w^rld ^^1!^ 
^'^"^^^^ ^ recent U.S. Steritional ecoioiic^licyr 

o? the Tr.Tu 't^. ^''"'^ ^ comparative advantage in LnVsec;ors 

mfdf .i^'^i constituents of the U.S. econom^Sich 5^ve 

af lMl\ P°f^^''l^^^e been its abundant natural resources and its Sgh leJe^ 
of technological advancement (in consequence of a limited supply of Sbort 
There are many within the U.S. public and government who beSevr tha> the U S 
still has a Significant comparative advantage over the rest of the world in 
the primary net export areas just discussed. However, as was just 

Er|c 



trade data ' 

^™ '-^ m m m m m 

«M« M«.m 

M M 330^ iU^_^_^ 
"""" "'•»' iSl."' »U8? J2MU 2«M«0 250. 



Average annual 
^growth rate { Uln^ 

20.5 
38.5 



Adjuited 



Exporta (laai . ; 

content of 

806.30/ 

Inporta (leai '"'^^^ 

OS content of ■ 

806,30/ 

' "MS -IIS'S fJ!'5» »»M.r 

~im J^im 'ilLMi 'IMAR -310,359 .2U1 71ft 

».«55 202.931 Hmt? iiilS g 

"MU 2.M.0 250.80. 



17.6 



45.3 



TABLE 6-2 

WISHED m miM 0,S. „„* fO« SEHicOKlORS. 15,0.„ («,«,S«IOS 



OF DOLLARS) ^ 



^, /SOURCE: Bureau of the Census 155 
1er|c ^^^''e Data Printouts, 1970-75/ 



6-6 



Policy Analyses 
International Trade 



raiS?; Si' J^^M «^8°ifi"°t signs that our comparative advantage is 

IdviniL ? ! ^° °f decrease in comparative 

advantage in these sectors is increasing. (Boretsky, 1978) 

r.«f .^^^^'^Z^^^^:" emphasis mainly on mechanical technology): 

With ±S r °' """"""^ indicators, especially those dealing 
Srir^^f °i goods, indicates that a long-term 

tXl l f*^° "^""^^ ^" now e:chiMti^ a 

Jo a%A?i?lf?''"i%ri^' "^"''^ deteriorate in the Lxt three ye«s 
to a $40 bUlion deficit in our trade in manufactured goods 
associated with mechanical technology. (Tesar , 1979) 
o? ^JtT f^°" i^^^' experienced a trade surplus in many areas 

Lt^^ f!! !' '^r^"' ^ good portion, if not all of this, may^ 
d^^ne ^hp ^^^^^^l"" °f purchases from OPEC nations which ^re engaged 

^ItS TTl.^ ^ spending petrodollars. At some point in the 
dec^asin^ T became saturated with US prod'^ts. whereupon the 

Jo"esa^ ' Sls°T?f J""" ^^^°^^8« ^8^^° began to become apparent, according 
SalJnr! ^ Shift is not confined to mechanical technology. The trade 
balance even in one of our most technology intensive industries, 
semiconductors, is being reduced by foreign competition, as sho^i in Table 

1-1.2 History of US Policy in International Trade 

examnlp ^ /'^^''^'^ ^" history of the United States provides a good 
conl!i%? "^^^ ^^^«i°P»«°«= °f international trade economic ^licies in 
5n?i^^i V "^'^ development of the nation as Twhole. Shen the 

caMtfi established as a nation, it was a res^ce:rich! b^^ 

capital-poor country. The immediate task of the Federal government w^s to 
develop policies to allow infant US industries to grow to 'a l^^Se they 
could successfuUy compete with the industries of other countries.^ fact 

ConJ ."?77^'''' '"^'^^ ^^"^ °f fi"t United Stages ' 

Congress in 1776 was tariff legislation. The tariffs durinrthls initial 
period provided a dual purpose: protection of the J^faS^d^rieTlif a 
nt^ll °^ ^" operation of the Federal govemmen" fS m^st 

crucial Lrr 'of ^^'i^' ^Oth century, taliffs ha^e fom^^" 

(F^^^e 6^". '^'^ Protectionistic trade policy of the United States 

ideas of°S°LMH^^*"r f °^ 20th century, the contemporary economic 
JeSreafilJtv^i ^ f °^ '=°»P*'^*t=i^« advantage and Se Jsociated 

n^?Jjr i L 5'" international trade have become the dominant trade 
^Lnrn "'^"'^ ^ milestone in this developm^t Ss the 

^.f;^M f^*^^ Agreements Act of 1934. This means for developing 
?.^^i^r reciprocal agreements on the reduction of tariffs received 

further momentum wxth the entrance of the United States into the Sn«al 
Agreement on Tariffs and Trade (GAIT). This progression has not Sen Sthout 
its occasional switches in direction, however. witnout 

ofS SrtS^"^^' advances made with GATT at the end 

rt v J f'.^ ""'^^'^ by pleas of special circumstances. As 

the European and Japanese economies recovered, two things happened 
simultaneously: sympathy for their needs declined as the needs 
themselves declined, and as the strength of their industries grew, 
their imports to the US also grew. Perception of the impact of 
these imports was probably sharpened by the rather slower rate of 
growth of our own economy. (Bauer, et al. 1974) 
Nevertheless, the primary trend has continued 'toward the reduction of tariff 



15 



Saturation Price 



P 
R 



C 
E 



Floor price 



dUANTITY 




ERIC 



FIGURE 6^2 
The OeiDand-Quallty Surface 




:: t i > i I I I I 1 i I I I I I I I I 

mo 1010 20 30 ,40 iO 00 70 aft 00 1000 10 10 30 40 00 $0 70 .to 



FIGURE 6-3 
United States Tariff Rates, 1791 - 1972 
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barriers. 



disappears On rL ° ^" protectionism has entirely 

Gisappeared. On the contrary, powerful protectionist interests still L^<:t. 
although the emphasis has changed from that of an import ^rlff sJstem^o^ 

f^iJL^ J lu !!*°^ °^ revitalizing import-impacted industries. Ihis Is 
embodied in the Trade Adjustment Act of lOfi-? tk- •^"""■"^f* is 
Adjustment Act Is tn nroiin i7 or 1962. The purpose of the Trade 

^^^^ 

c^«s of'ch.^?;^^^ »P«3klng, the pceseut statu, of OS Jrad. polled 
^Ucy the gJo«TJ?'™fSrlff " ^ la^tru.ent'^of Lade 

e£fuLT'llL°tT for dlvertiog i.port-af fected . LLa^L'Sl'^le,, 

- ^^^^^^^^ - 

per»„al^.^':L"i:cKX1.aTSnS,"pto1^l,r"'' "^"^ 
1.1.3 Role of Personal Coaputers. 

nr.«„.r^ emergence of personal computer technology in the late 1970s 

counteract our decreasl^ te^el^ Z^rl tradTr" ""^'"f' """^ "'"P ^° 
P.— *.u - j,cvf5j. o£ export trade in constuiier &l&.nt-rnni na 

ln illT°ll'^]'' °' '^"'"P"^"^ the US ^t oSy ^"vide 

t^A^ °^ workers but will also wrtSlv 

reduce the import trade in other forms of consumer elecSonl« SJs Si f 
occ« to the extent that consumers decide to purcLsl peLo^r'coJSte^ 
Instead of some other form of consumer electrodes. All of^he aJo^e of 
anrt^t^hT,? computers are manufactured in the SjteJ States 

Jh'rs ""a-Tir5^tiL^jLSii?a'jr °' --"^ nrin"^ 



1»2« Alternative Scenarios 



US. This would require that most of the US market, and a significant portion 
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aJJJ^,..? ? """^^ ^"^""^^ computers, would be supplied by US firms. 

^iSm P^^i^'il^y «^i3ts that the personal computer indus^y 

could be a replay of the consumer television equipment industry; that is the 

strl^elL L«rc'r ■^'^^^ ^"-^ °f - seqSe'^ce of ' 

no!?^« . f ^ planning on the part of the industry, lose its world 
position to import competition. To take the extremes, using our estimates of 
the market which are provided in Volume 2 of this report, the "ns^er 

SSr^'cA Mrff ""'"""^ °' decade c^" be as 

co!?d annually. The business microcomputer hardware industry 

could be as high as $30 billion annually. Dominancrof either of these by 
foreign competitors would result not only in a displacement of jobs from the 
llllLl f but also in a proportionate deficit in ou^ int«StioLl 

balance of manufacturing trade (the considerations as to what to do about tSS 
potential eventuality are discussed in Section 5). 

In order to illuminate the present estimates of possibilities of these 

IZZZr " '"'^^ °' ^1"""°- concerni'^g thr^rsoni 

computer and international trade as part of our overall Delphi surveys 

JoSd^'st^d" are the four scenarios used during'^our first 

SCENARIO A: 

.-hp ,v»r.a;!nff°' ' ^ong , Korea , Singapore, Mexico and Brazil enter 

the personal computer market directly, rather than through US firms using 
nfS^r/"'r?."°° facilities. As in the case of TV sets, these competitors 
produce a quality product at competitive prices and proceed to capturr30% o? 
, T^' ^ ^'^ 80=^ thereafter. They uSe the Sedge 

With'!!' for'Se S 1/'' T?"' '° P"""^ " -"-ly "°P«"'i 

vitn IBM for the U.S. medium and large size computer market. 

SCENARIO B: 

. a,. ;,^!/*^* Government, realizing that personal computers are ft i idustrv 
in which this country has a technological lead, takes st^s to p"tL"- 
industry. These steps include: - I'tott..,, .ne 

1. R&D support to microprocessor manufacturers, development firms 
and software houses. 

2. SBA aid to personal computer firms. 

3. Initiating a program to buy PCs for school use following a 
Federally sponsored development of educational software. 

4. Mass installation of PCs in Federal offices to increase 
government productivity (see Workforce Scenario). 

5. Clear signals to foreign countries that domestic PC markets will 
be protected through tariffs and non-tariff barriers. 

SCENARIO C: 

The Japanese and the British invade the personal computer market in 
f^^r*. Japanese, using their strength in semiconductors and in consumer 
^n t^^A: ^P^"*^/"" "^i^g microcomputer chips in special purpose appliances 
to building stand-alone PCs (including conversion of surplus, US directed 
color TV sets to PCs). By providing PC/TVs they circumvent US import 

• ""^"^ "=^""8^ fidelity, and other 

existing distribution chains. The British, following up on their decision 
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««tet'1or1ih'So'lolf"?i"e'r ^f'^^°i°8y. choose microcomputers as a 

Skills. devSo'p 2c%ul2^;oft'S;r'e'S^go^Jth S'' Se'^Br^M^^^^^^^^^ 
product worldwide. * British market their 

encoura«f the'LlfJ'IhT"'^' "^^^ ^ free-trading stance, since it wants to 
JaSn^ren^oac'iii^t' L° Si"" ''''' technology, even though this .eans° 



SCENARIO 0: 



telephone^J'^om^Jtefie'^W '2'? jr"'"'?^' °' ' ''^^^^-^ 

with U.S. ^i™: ^"^^^ ^^i-pi^y. form jomt ventures 

niarkat. Other ESo^lf cou^tr^eT^d1f^''°°. '^"^^'^P""""^ 
their own plans in the tS^o^^in^^ T* ^ >=h"at to 

government-^ suhsi'Sizel S^i^ to°°L'^^^^^^^^ ' 
eventu^J^v "l^* 8°^«™nt. „ith no established position for 'such an 

significantl^SoSdr telecommunications and computers is 

AN UNDERLYING SCENARIO 

wS^h'^ev^lvld'^^^li^Se SilSrof^H °° ^ fundamental one 

scenario writing of the Delphi scenarios. This underlvlmr 

IndStiLl devell^ei^ f ''"^'i" "ends in contemporary uf^?* 

aaal^"s!' Std^Tr^^'ng^^Lr":"?: Slet^SL'^L" 2 °' ^4 

Lt^t1tTen%s1 iS"thf\~ 

pr:c'?L'L':'°'^fo"ti%s:;'°L'^°i;'jr:th«'"""' Tr°^ 

13 very little in tSr^y of^^ l^L l °f ^P^" assessment, there 

likelihood of tSs s^e^Jio Jhf T^^''^' concerning the 

examination of the TclZllo it^ SScts 2?"°^ computers. Nevertheless, 
policy considerations! ^^""^ '° P°^°t "P "levant 

2. Impacts of the Technology 

2» 1 EconoTiilc 

ass'Led free tr'dTconSjLs! • "^""""^ ^'"^ ^"^"^ 

2.1.1 Direct Effects 

mlnlcomp^Jer^^troth!^ IT^f.T'^Tr '^^^ ^^^^^^^ mainframe and 

minicomputers to other countries. (International Data Corporation ^<i7<iTl^r 
of all mainframe and minicomputers manufactured fi^J! ' i w ^u?" 

the United States irnr. fv.- i »»""J-acturea oy ub tirms are used within 
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lli^l cfmS^Lr^"' '^^ ^ '^^'■^'■''^ '° pocencial world sales of 

SSmiinSce ^hr".f Obviously, this argument: is coo 

simplistic since the ratio of US to rest- of- world computer sales in affeet^H 

consi^:;''^' °' ^^-^^^^i of iadustrializ^t'Jo" s^clologiS 

S?oma^Li°?*; T".^^^ °' relative growth 'rates of' 

Stl^^i f -/P"*^^"^"" ''"^ "=° indicate rough orders of magnitude of 
Sbl« J^ii estimates are shown in Taile 6-1. The 

Sti^ef 5 S'^'mff'^'r °^ "^'l* ^^"'i °° conversations 

between J.M. Nilles and various members of industry and user communities. 

^oZ ITZ futh??"*"^' data available from ^blic L^uices 

computer'?:cSo"o^;Srjh'e°s::"*"'''^ international trade in personal 

* The United States completely dominates the international market 
IL'^'zi ^ the national market for personal computers, maintaining a 
monopoly position in the production of both personal computer 
hardware and software. This would result in the development of a 
^^^1^.°"?"= °^ 56 billion to $23 billion and an 
international market of from $4 billion to $18 billion, all of which 
pa^ts^" °° positive side of our international balance Tf 

* The US loses the personal computer industry in its entirety, due 
to completely effective import competition. Under free market 
conditions, and assuming no buyer sentiment resulting in a "buy 
tZr^T.. attitude, the US would experience a direcrdeficlt 2 the 
international balance of merchandise trade of from $6 billion to $23 
billion in 1990. It would also, of course, incur an international 
trade opportunity cost of from $4 billion to $18 billion, although 
this amount would not show up in the international chart of 
accounts. ^^'■>- 

* The opinion of our Delphi panelists was that US firms would 

f^' f "u"" °^ domestic personal computer market and 
about half of the market in the rest of the world, based on certain 
aaaumptiona concerning both the rates of growth in size and quality 
oL^t computer hardware and software industries and on 

specific sets of Federal policies to be discussed later. If these 
estimates were to be realized then tiie direct effect on the US 

if Kf?f5^°°t^ °^ ^^^^ ^ 1990 would be to contribute from 

$6 billion to $23 billion to a positive US balance. 

2.1.2 Indirect Effects 

There are also potential secondary effects associated with these 
or^oi^r""''^' scenarios. For example, the manufalJure use 

of personal computers can involve several aspects of international trade to 
m^.f.r components of the personal computers themselves ..^e 

mnaufactured outside (or inside) the United States, or that related materials, 
such as paper for printouts, plastics and coatings for magnetic storaee medif 
llllli^lf 'r^'"" cabinetry, etc., are manufactured or supplied ' 
iLnfTS u^* impossible to estimate accurately the 

magnitude of these secondary items of the trade flow. Porat estimates the 
magnitude of this effect as about 1202 of the value of the direct compter 
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TABLE 6-3 



Estlaated Potential 1990 Personal Comput 

Market 



er 



TYPE OF 
APPLICATIOII 



EPnCAIIOH 

Hardware 

Software^ 
(@40Z of HH) 



US SALES 




REST OF WORLD 
SALES ($B?2 



0.1 to 0.3 
0 to 0.1 



0 to 0.1 
0 to 0 



TOTAL SALES 



0.1 to 0.4 
0 to 0.1 



Hardware 

Software"' 
(@20Z of HIT In US, 
@10Z of W, ROW) 



Software 
(@30Z of HW la US, 
@20Z of HW, ROW) 



3.8 to 15.2 
0.8 to 3.0 



3.8 to 15.2 
0.4 to 1.5 



1.2 to 3.3 
0.4 to 1.0 



0.2 to 0.7 
0.1 to 0.2 



6.3 to 22.9 



4.5 to 17.7 



7.6 to 30.4 
1.2 to 4.5 




1.4 to 4.0 
0.5 to 1.2 




10.8 to 40.6 



1 NOTE: These are rough estioatea only, to be taken CTO GRAND SALTS. 



2 Constant, 1980 Dollars. 
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' °° economy of the low estimate of SlO 

M^^f sales of PCs manufactured in the US would Se Sout S22 

billion. However, it is impossible to verify these estimates ^Jven the 
Po^at'-s iSrJ!''"°'°'^ environment which Lv^curMd si^L 

relates 2n*^^f ""o^^"^"* secondary impact of personal computer technology 

Si consequences of the use of personal computers within tS united 
States upon US worker productivity and, consequently, ipon thrcoaparativr 
advantage of the United States in various oth^r inditrSs. To thfatent 
^^r'^i'o'L^ti "•^^•"-^-ily improve worker productivity there%SSd be a 
£er«ea?^rL^r!;^ "^^"^ °° international trade position, 

^hn^fv^^ leverage nay be experienced as a consequence of the^tential 
lnS™L? ^T""^ computers to greatly accelerate%he growth of ^w fJms of 

systems SectwS; ft^^nt^? * retrieval, electronic message 

systems, electronic funds transfer, specialized programming services, etc.)! 

On the other hand, the availability of international 
the'ot^r""J?f ' P^"""*! computer may make a flow in 

«utJJe LS^ f'"' f '"'^^^ countries with low labor co^ to Sp^u^^ 
IJI: . processing services, via personal computers and satellite ^^"""^^ 
telecommunications, which would otherwise be performed by US ^rters In rM. 
instance, the "transportation- cost component^whicr^rn^lly Sl«ts the 
t2So::^^i°' -^-^^-^--^^ goods, is significantly reduf^d by Lw 

tS co« li;fi r^ibly making them almost invisible. Aside ?ro« 

JnfomL^n^ ' ^".^ ""^ be process advantages in trans-shipping routine 
i^fn^Tf u P"""i°8 <8ee. for example. Nilles, 1978). The b^sic 

In^/lt ^".^ "° organization anywhere in the world canlhip its 

com^f M information work to more westerly time zones for 

ofSe i^^'S transmittal back to the point of origination prior to the start 
o1 T^^: or;n%o^Si?.-^p.™ - ^ acc^acy 

possibiijSes^^^rSobi St"n^STniJersta^::°^ xlxii^^^^ . 

some factor proportionate to the magnitude of the various forms S trade 
themselves, although some delays in timing may occS! S 2"ral wortor, tn 
tL'n S%f ^"^'^"^ information indus^ri« re^e?" SS^«r »1es 

than those in other sectors of the US economy. Consequently, the numSf of 
workers affected by a unit dollar change in international tJlde L^^^ 

otSr'ScSo^^ '""^ """'"'^ °' ^""^^^ - ^ some 



2.2 Sociological lapacts 



The export of personal computers and. particularly, personal computer 

i? SL'e IJII V"? " constiiutTa'^'^portant. 

if subtle means of cultural exchange. The same is of course true for 

1211 ^ J^' "T"" '^^""i^'^- As has already been com^entefon by 
l^ JT. introduction of computers in developed nations has had 

SLf ^P^'^i^S organizational technologies more uSfoJ^y throng ho^t 

and !n^? M ^ consequence of their embodiment in the operating systfm^ 
and .Applications software. Uke the mass media, exchange ofsoftvare for 
consumer comi«ters has effects in altering both percepSons oftSr^riSLtin^ 
culture and the aspirations and expectations of Se uJer of the s^ftSfe!^ For 
n^s'^'-hi""'L'o%%a'i' development of a "pop" software n^rket t ^iTl^l 
latest hit program, possibly incorporating biofeedback routines becomes an 
overnight international success. The effec? on increasing cul^urll 
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Infprn.^?^ English has rapidly become one of the standard and dominant 
cofpJtL S^L'T^y^?' " Similar destiny »ay be in store'^or tL'oLon 
firs^ tl '/^''^ languages, although the spread may be more limited at 

of ?L L^^nnf? communities. Like the effect 

of personarL^.P^J T ^ "^'^ ^'^^^^'^^ «"8« °f development 

dls^iSfl^^ ?! uf" *° software, than the same level of 

o""aSh! ' sophisticated country a„ch as one o£ the .embers of the EEC 



or Japan 
2.3 Political lapacts 



iSerSM^Il^^^J^'^f ^P^" °^ potential trends in the development of 

o!r.rf °' distributors of personal computers at Resent 

in^ol^^J'Sth'esta'M^'Hf' J"^" competition since they are Sther totally 

substlSiS Lr?Jo^ if^^ ^ ''"^^""^ °' ^"^'iy captured a 

suDstantlal portion of the export market in Europe or Japan. Demand both 

r-ct'e'' ^""-tionally. appears to be wef^ ahead'^f sup^at ^hi's 

A^^"""^ members of the personal computer industry, like those in the 
l^lTt^T"" industry, tend to be relatively sophisticated indSidmls. Jt Js 
iLlinin^of'SeTl?" ^ the case of real or^Ja«nt 

weakening of the US position in the international market will be concentratPrf 

sufsiJ? °° '° incentives in the fom of loin gSraSees 

Jtte «iJer';H f'"""'^^"; "^fl^^i^^ °f antitrust regulationsf^d Jhe ' 
iip^rt qio^^s protectionist actions such as Imposition of tariffs or 



3. Self-Organizing Responses 
3.1. Private Sector. 



The personal computer industry, as of this writina annears t-n h«. 
emulating the semiconductor and larger 'computer indSSef 'in'^rresSo^se to 

rScSeTrS^^f"*' ""^"^'^ °' "^'^^^ finns iich 

Hi ^LL T ^ A '° ^° medium-sized business category 

all appear to be developing vigorous export sales activities. Even some of 
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n^^J""^ " "^^^ '^"^^"^ ^^^^'^ °f hundreds of employees are exDortine 

personal computers and PC components. One of the firarspecSlLS ^^^^^^S 
personal computers for business and industrial appli™tions Spec^s'to have 

tSa'n°one!th?r'r:f^«L'° T^" "^'^ "tTsligStlT^re 
ro^«.^«^^ ^ ?f ^° exports among US-based mini and mainframe 

-llr^^l ^^^°"8h Japanese (Sharp) and Swedish (ScanSa SSrlc) 

Jw Si.r'"^ *r ^^^^8 in Europe, preliminary sales Jep^rts Jndlcate 
lLst1lacto;"S%f;''°r^ h""^"" outselling^these comj^titorl Jy at 
ih« J™f ! ^ ^^""^^^ ^ °f eod of the first quarter 1980 

Sn^f^Jj ^ P«"o°^l compter Lxd!f?ry 

will provide a positive component of the international balance of ^"^"^ 

^E^f SulJLlT'n:^ be'lntr'^r '^""^ -"factur^JSc'l^p^obably one made by 

Howlv!; T ^ to the us market until mid- to late 1980. 

prospect^^Sr ^h.^ '° discussed here concern the longer term 

newf'stuil; Ts the personal computer industry is^te 

JnLS iL^d nn r*"^' "f,^"""^ <»^y historical evidence 2ut must 

whether ^^^1 ? historical developments and test these to see 

sJmu". determinants of progress or failure of the industry are 

indu«..rv^ ""^"^ Industries most closely allied to the personal computer 
industry are semiconductors, larger computers, and television '■^^"P"''®'' 

Will foU;r» r'^'r ^ °f Perso^ cofp^t'rS 

li fact th. J ?^ analogous to the development of the mi^computer Sultry, 
mtrn^* business PC and minicomputer industries will mergfaa irbit 
of Se''°p""d^%^:"°^ generally used. Finally, the consumer'computer^rtion 
or ttie PC industry is analogous in many respects to the TV industry. 
. - . J ^ " several foreign countries have vigorous nlans to 

compete with the United States in both the semiconductor 2S co^pjter 
industries. Competition from other countries, notably JaSn S^s SLadr had 

S^ce Se StW^'til!"^"^ °° S'^^dio'^Ldl^'tMrs^" 
saSe of siiif^r 7 responses to these technologies are likely to be the 

^Sp til J ? ^ ^ ^ I»i°t to briefly review the history of 

JnteSat'i^^^^'tr^^d"' 

3-1.1 Semiconductor Industry - us Derelopaents 

two-^h^rJ^*.!!^ semiconductor industry is about twenty years old. about 
two-thirds the age of the US computer industry. It is one of the most 

bylla'ctoMflo'Sotr'r^ productivity is estimated' ^o' Sa"reased 
oy a factor of 20.000 during the existence of the industry. The world market 
lllltllZ lT.\f I-^^^-ts quadrupled during the^JS'Ss^^d L 

SHLlin-vali^^^ ^^^^^^•^n!^" l^S^^ 

all the innovations in the semiconductor industry; have been -gSde by 
Americans. In 1976. US firms had about a 7lZ share of the woSd market in 

are 64Z and 25Z. respectively (Nora and Mine, 1978). 

Robert Itoyce, vice Chairman of INTEL Corporation, gives a brief 
history or the growth of his company. * * "^^^ 
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Within one year after my company was founded - twelve years aao - 

Zmitj '"^I'T y«ars"e'"tabl1shed 

outlet in Japan. International sales have 
r.sen from less than 25% of total sales by US semlSicif^ior 

ns internationalizatioQ has extended beyond exports as th,= 

in S f" Sst' Tr^"" cons-c..^t.d foreign plants "S^palir 
in the Far East and Europe. Tc capitalize on marketing 

SiJec^'^avestm^: ^ '^'^-'^^-s make 

t:.lll i° «oasru-i>oint-of-sale factories in Europe. 

^ subscituto for exports, these factories nave pr^iuced 
||£Z£"g4£S. effect on ira exports , ac ti^S-Is-riSHSr^oi:tlI<--^i^l 
i^^gased shipm^itslnrodlt^ 

I emphasis addeTITTr. The iHti75Itional ef foTFs—f-the^— • 
semiconductor industry have benefitted the US econoav .-ven though 
Hh t Hnf conducted offshore. M 

estimated 80% of total value added in American semicondS^orfhas 

indStrJ "r^^^ United s" tL 

inf^f^f Preserve its domestic market share, whila substantially 
increasing sales abroad .... The tendency appears to be a decreaarif 
foreign employees as a percent of total eS^oyees! IhJs trend L 
enhanced by the increased use of automatic bonding equipmSt in^he 
offshore assembly plants. INTEL, for instance. more'Sn tripLd 
total corporate employment from 1975 to 1979. but the ^op^^tJon of 
foreign employees dropped from a peak of 41%' in 1976 S 3^% 1^ 
iilter'r ^^^'^^ percentage of sales were abroad and a 

mLt^inTSerf 

....INTEL Corporations 's foreign sales in 1979 were SlOO 
million more than its overseas expenditures in that year! For the 

^tll^^ I contributed a cum^ative 

surplus of $286 million to the US balance of payment as 3''"°"^^"^^ 

°f worldwide operations...! understand from SIA 
staff that other SIA members have a similar experience 
(Semiconductor Industry Association, Noyce. 1980). 

dlmin'!^!? It^ tey points made by Noyce, the US semiconductor industry has 1) 
dJre^^fntwh"?f ^^^^i^nductor market; 2) made significant anrg^owSg ^ 

S Fr^ '-^r' ™^^ 

3.1.2 Semiconductor Industry - Foreign Responses 

Although the US semiconductor industry is clearlv ^ho ^« 
and sharer in the international market, competition fr^i^tSL^i^Lo^r^'" 
countries, notably Japan, is developing and tecomlng "creasiL?r^rr 

l^ZT'n H^'J'r ^'""^ °' ^^^'^^^S ^ semiconductorinJStriaUsts as 
expressed by the Semiconductor Industry Association before Co^^ress is that 
the Japanese threat is substantial and that a major reason f^r ^he ^aMd 
increase in magnitude of the threat is a significant amount of inte^enSion in 
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w?th ?h J"""" Japanese government. A particular sore point 

with the Semiconductor Industry Association is the increasing cost of rf^T^^ 
equipment of the Industry together with the gross dSferencS between the 
United states and Japan in the availabUity Ld cost of Snincing for tSt 

a'^id'^i: teaL^/jr'^fg^rrL""/;?^ fl?^^ '^^^y Electrlm'": L'^ter 

eaulnm•^^ ' ! . ^^^'^ ' ^« Capital investment in plant 

in^!?fJ' . "^^^^^'i ^ I»«eat of annual sales, has grown by 60Z. Sis 
lll Tr. °i ^ capital equipment will ^obably con^inS^L 

^^"^^^ °f increasingly intense ^ 
Tq^S^t Fl'J^r "^f'' correspondingly more^sop'hlaticated production 
oT^^l' ^Trtlsll\^^ investment must come from substantial 'rein'es'ent 
SOUTHS. 5S^ce/s£ Lr^S^'r^H** provision of equity from external 

i«e «oyce/&iA analysis of the present situation is as follows: 

aifL!!?:''' worldwide were $4.6 bUlion. My basic assumptions 

"^^^ continue to grow in the 1980s as it did in 
u ^ ^""^"^^ «te of 22%. compounded 

(although growth of nearly 42Z occurred in 1979); 

~ the US will retain its 60Z share of the world market; 

annual asset turnover (sales divided by total assets) will 
decline from 1.5 to 1.0 due to ■increasing equipment costijlij 

37i 1 ^^^'^^Se debt-to-equity ratio of the semiconductor Industry 
S 25^7"'^" ^"""^ ^^'-^^ " ^^'^ ^ industry-wide average 

?"M5S^S'«nn"!:??^r "^^^ "° ^^'li^S December 

31. 1979 of §206.4 bUlion. annual sales of ICs by American 

SmiTo^ f^°7f'^ f^'^ 155°' "^^'^h "^"I'i be nine 

times our 1979 sales volume. Given the Increasing capital Intensity 

in our indiatry. under the foregoing assumptions we can achieve this 

sales growth in the decade ahead only by miking a cumulaSve 

investment in IC plant and equipment of approximately $28 billion. 

If no new equity is raised by the US Industry and with a 

debt/equity ratio of 25:75. the US aemlcondicutor Industry will have 

to increase after tax earnings to 13.5Z of sales to fSaLelapiSi 

three times the average US semiconductor earnings on 4.3Z of sales 
during the period 1968-77. as reported in the Spartment of 
Coooaerce . 

The requirement for Increased research and development expenditure is 
similar, according to Noyce. The semiconductor industry ow^ iS^sitJon of 

r^bltantiS t °' ^-^"^-^ in «rea°r"; ani SvllopSe^t. 

A substantial initial fraction of that Investment was made by the US 
government, as will be discussed later. 

the Em-nS^n^r governments, again notably Japan and members of 

the European Economic Community, currently have, or are trying to dev™oo 
respectively, substantial indigenous H&D programs in the mic«electronics 
area, notably in the field of VLSI (very large scale integration^ ?Se toy 

are relL?°'i*"^" participants in Internf tio^^? com^titlon 

are relatively more or less capable of competing, by virtue of some Sheren?ly 
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SEMICONDUCTOR CAPITAL 
EXPENDITURES AS % OF SALES 



COMPANY 


1976 


1977 


1978 


1979E 


TEXAS INSTRUMENTS 


9 


12 


12 


14 


INTEL 


22 ' 


23 


.15 


30 


MOTOROLA 


9 


9 


10 


13 


NATIONAL SEMICONDUCTOR 


13 


11 


12 


14 


FAIRCHILD CAMERA 


9 


6 


6 


12 


SIGNETICS 


6 


10 


18 


22 


ADVANCED MICRO DEVICES 


11 


8 


16 


22 


MOSTEK 


17 


28 


14 


16 


INTERSIL ' 


8 


4 


9 


17 


AMERICAN MICROSYSTEMS 


4 


5 


8 


11 


TOTAL 




11 


13 


16 


Source: Morgan Stanley Electronics Letter 


September 14, 1979 
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f"ativ« Slff" ^'"i"'^ " innovative ideas, but rather of the 

avillamJiv oJT" ^ determinants of competitiveness, such as 

availability of investment capital to the prospective competitors. 

products^ tSe tsrol'Th^^'^f:"*'"""' development of semiconductor 

LteSatio^lse" Table l^sr fSIiiI""' ^"""^^ " ^^'^'"^^^ 

l!: ! ^ ^ble 6-6 showi the ownership of the too 20 

necessary capltai for =p.„e"^ ' " ' °^ "bteinlng 

3.1.3 US Cpapater Industry. 

the worldSd'^'LS™"c\%s"i1ev°SLlr5s'^^ US computer industry. In 1977, 
85 61 of ..K- ij processing revenue of US computer comianies accounted for 

ma^Lt T^^rl "^'"^ -^^P^" ^'"'^'^ With 7.3Z of the world 

market, in fact, revenues to ISM alone accounted for 48Z of the world m^rkat 

I^ls^S— .^pet^o^r t Sri:m-^:%Lrif S^^^ 

crpa^^^r^ ™ asreemenCs^wJJh^^t'y^Ll'^'tSf L"Sh1a"£i^^^US 

systems ""^^ °^ ''°'^ld's 200,000 large computer 

JJ?^h f' ^ "^^^^ 222. Japan, with a gross domestic SodSc? 

^"""^ one- third the size of the Uixited States?, thus S^s aSoS Sf 
as many computers as the United States. While IBM has at least^Lff of J^I 
mainframe computer marka- <n mnot- j 7 ^ least half of the 

Eurooe if onT^ "nartew in most of the developed countries of Western 
wSJ!^: ^97^ " fov a^ut 25% of the market in Japan. (World Business 

is suppl^^d'Sv !^f?l,w'"i' u'^^ entirety of US computer installations 

flr^ ?o aJ ff ^°«Slecting the issue of foreign investment in US 

AZl T ^ f ^'^"'"'^ ^"'^J- H^n", there is no question that S computer 
d^^Sf?" T '"^^ ''"^ world market as^ll. Z^Tel 

c^l???. increasing levels and sophisticat?^ of ' 

competition from other countries. f"*oi-j.cation ox 

3.1.4. Foreign Bespoasea to the US Computer Industry 

«f.foH -Japanese government published a white paper in which it 

S^iSpf ^"iPff^^°8 U""*** States in the production and distribution 

sho« -"Se ^^;id «i^h1 °' P^l^'^y ^« table deadly 

ai^rjf/ f ^ * ^ ^° Japanese trsde in computer a, although "a 

:SSfc' Sng^^L^^alll ^%£^r^ ^ 1. supplied by'foreign'firms 

of rto7^^i!l t ^ effects oi- ..ftpanese concentration on development 

^r.^? n^'" industry in competition with the United States is more 
graphically shown in Table 6-8. Here it is seen that over a four ye^ Lriod 

itS^lll 'S?e"us'°'' "i^"' ^t''"'^"'"^ increased^ Hact'^r of 

thirteen, while US exports to Japan have only gone up by 68Z. 

uoo^ situation is somewhat diff erect. The US share in the 

thrS.7o1°a':':boTlo^'rL'?'Jr "T"" '^'"^^^'^ abo^t"'clSL^t'"s^nc% 
T„« u / ! ^^^^ (including the contribution by CII-Honeywell Bull) 
Two Western European firms. International Computers LtJ. and sJe^s of 
Germany, account for about one-sixth of the Western European market for larae 

i't'^^'er'haS /H°"!^^ ''f 'J °' computers, howev«, Sels share 2 

just over half, led by Digital Equipment Corporation with about one-fifth of 
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TABLE 6-5 



COMMERCIAL GOVERNMENT 
SUBSIDIES AND LOANS 
FOR SEMICONDUCTORS 



PROPOSED & ACTUALS 

COUNTRY T MAIN RECIPIENT 

GERMANY | VLSI DEVELOPMENT' 



ITALY 
FRANCE 



UK 



JAPAN 
KOREA 



SgS.AT ES. el al 

ST. GOSAJN PONT A MOUSSON 
MINISTRY OF INDUSTRY TO THOMPSON CSF-SSC 
THOMPSOl* CSF + CEA (SESCOSEM/EFCIS) 
RADIOTECHNIOUE COMPELEC 
MATRA 

UK TOTAL: S330M 
NEB AVAILABLE FUNDS LIMIT: S6B • 
NEB TO INSAC (SOFTWARE CONSORTIUM) 
NEB TO INMOS LTD. 
NEB TO PLESSEY (LOAN) 

DOI TO MAP (^ APPLICATIONS PROJECT) 
E^EAM FAB TECHNIQUES 

NCC~ AWARE NESS PROGRAM rSQFTW APC trNG) 
VLSI SUBSIDY (LOA N) 

TOTAL PROJECTED LOAN & SUBSIDIES 
GOLD STAR 

KIET — WORLD BANK LOAN 



TOTAL GOVERNMENT EXPENDITURES VVnpi nwme 
FOR PROMOTING SEMICONDUCTORS 



STATE HiNQS 

my 

100 

(30-40 YEA RLY) 
135 

SO 

120 TO 200 

25 
38 



40 
90 
40 

140 
110 
1.8 
20 
250 

600 

'20 

29 



-2.0B 



sy ano oelenie, Terry Wong, Hoekwell Inlemalional, April 1973. 
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TABLE 6r6 

Acquisitions of U.S. Semiconductor Firms 
Est, 1979 I.e. 



J« TI S«ni conductors 

2. Motorola Semiconductors 

3. Intel 

^. National Semiconductor 
5- Fairchild 
6. Signet ICS 

7- Advanced Micro Devices 
8. MOSTEK 

9- RCA Semiconductors 

10. Harris 

11. American Microsystems 

12. Rockwell Semi 

13. General Instrument 

14. Intersil 

15. SynerteJc 

16. Analog Devices 

17- Monolithic Memories 

18, Siliconix 

19, SoUd State Scientific 

20, Zilog 



SALES 
($ Million) 

$680 
k25 

400 

320 

305 

250 

160 

155 

145 

100 

95 

85 

80 

75 

50 

4a 

35 

30 

22 

15 



DJv. of TI, Inc. 

Div. of Motorola, Inc. 



acquired by Schlumberger (France) 
acquired by M.V. Philips (Netherlands) 
owned by Siemens (W. Germany) 
acquired by United Technologies 
DIv, of RCA » 

Div, of Harris Corp. 

acquired by Robert Bosch GmbI (W.Germa 

Div. of Rockwell International 

Div. of G. I., Inc. 

acquired by Northern Telecom (Canada) 

acquired by Honeyw«il 

acquired by Standard Oil 

acquired by Northern Telecom 
acquired by Lucas (Great Britain) 
acquired by Adolf Schindling (W.German 
acquired by EXXON 



/Source: Datamation, April I98O/ 
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TABLE 6-7 



Japan's Market for 
Compu tears and Related Equipment 
(excluding parts) 



Production In Japan 

Exports 

Imports 

Consumption 

Production as Z of 
consumption 



(m^Ullons) 
1974 1975 1976 1977 



1978 



$2,020.6 


$1,823.6 


$2,087.0 


$2,678.5 


$4,324.6 


83.2 


107.7 


132.5 


152.7 


331.1 


398.6 


323.9 


319.5 


408.1 


391.3 


2.336.0 


2.039.8 


2,274.0 


2,933.9 


4.384.8 


86. 5Z 


89.4Z 


91.82 


91.3$ 


98. 6Z 



Noter l^/dollar conversions made, from Intematlo«^ 

?^n^^f I««=«?atlonal Monetar^ Fund, Japan tabl^ 

Source: The computer production figures, 1974-76, are. from the 
computer White Paper, 1977 Edition, published by^h^ 
Se^r'TJ^f'? ^"^^-^J-S Center, p. 14. The production 
figt^e for 1977 Is from the Current State an^ Progress of 

^^aSt^^^ ^' production figure 

SrlJir l5S appearing In Electronics 

■ ^I!? ^* ^^'^ ^°'«= figures are from 

ye^-end volumes of Japan Extxirts a nd TmTy^i..^.n^J,^Z 

^ published by the Japan Tariff Assocl^Jonr 

/Government Accounting Office, 1979/ 
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TABLE 6-8 



Bilateral Trade la Computers and Related Ecpilpoent 
(Including parts) 



U.S. Exports to Japan 

Japanese Exports to U.S. 
Ealaoee 



1974 
$281.7 

_ 16.7 
265.0 



1975 1976 1977 

$214.1 $271.7 $346.2 



33.5 



99.7 



1978 
$367.9 



96.9 218.1 
180.6 172.0 249.3 149.8 



NOTE: Yen/dollar conversion handled as In Table 6-7 



/source: General Accounting Office, 1979/ 
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3.1.5 The US TV Manufacturing Industry 

scenario '^o%"Lteo^1rrus'°Lv1L"L'r.'r''^ " ^^'"^ °^ °- 

reporc of Us"?:rptr1n\r"cetr\\°^.fatr^^^^^^^ - 

fro„ .apa\^%f -Lilaf .rus%^%- --^^^^^^^ CCTKs) 
imbalance and the fact that in 1968-78, some 60,000 US iobs in 
Jmco'rt^ ? been eliminated, 'sl^u^taneoily 

In ^ increased from Z^ Src^nt in 

h r^us' ro'd"uc"Jon1ac!uti:: ^d"^"' ^"'^"^"^ 
and Mexico! facilities and began producing in Taiwan, Korea, 

US CTR manufacturers contend that much of the success of rho 
tlZT '° violations"? Ss 

f!«Lr^"^ and international trade agreements. Domestic producers 

S 5s LrS?s''i.i'ff'us''P'°"^ open ac«ss 

rh» T.!^ • ^ manufacturers are prevented form entering 

tSe S'Knr^"' ' "^'"'^ °' [non-trade barriersf! 

a« JJferl^ ?n "^^Pf?"^ Producers contend that because US products 
rJ! quality and performance, they do not sell well in 

the Japanese market, and that US manufacturers have not trS ha^d 
enough to sell them. ( Comptroller General, 1979) 

reviewing the US corporate sins of omission in this regard, the GAG concluded: 

oolicv 1?! effect of miscalculations in corporate 

policy is gaining more acceptance as a significant facto^af fectins 
US sales of CTRa. Essentially, the story is one in which S 
aSo S'Se" °-^y ^ the case of cSs, but 

tra^siltor ^ILs "^'^ °' -nochrome TVs, stereo equipment! and 

theory (Sleggen"::dlp'ri9^r2i'tLr T°°' °' proponents of the 

iQAo Jl t *^PP> iy/^) initial Japanese average ^olesale nrlrpq in 

tire Z^l^r'"" S«^!r' T ^''"^ °° ^^^^ ^ sftjf^^^d Ja^an^^se ets 

^rihf ' to extraordinary growth in demand in Japan after 

«oLf^ /^f/"?"^*^^"' dramatic increases in production, costs and^^ices 

L !970 fS"'^"^^^- 98,000 units in l965 to 6.1 Suon 

«o!^h^.r! 2 ! ^5"" P^'' 8""t^ compared ot a 41 percent 

LL^'expo'rtfd! ''^^^^ - ^'"^ P""- of this'production 

Ja™n«o°"''^u* ^^^^ according to the theory, the rapidly growing 

Japanese market was relatively unprotecterd as com^red witS te^tlles^ fteel. 
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elecSonics^^fiL?^"""! "^^P""* government never considered consumer 
on ^rw!;?! ^"a^^egic or Important Industry, its development did not dep-nd 
on marketing restrictions, high tariff barriers, and other protective 
measures. Thus, there was little to prevent US exports Sd^JSt^netrat^nn 
j*en the United States was the world's' low-cost pro^^^^r!^ pSthlL'^^t'St^": 

take advantage of a phenomenal growth In demand to produce in great vol-^e 
AS a result of this volume production, costs and this prices wl« 
reduced, making the Japanese the most foLidable of 

«rpe'??tJeris"i:d'"u:«°y" " ^^^^ °' ^ ^^^^^^-^^^ ^.P^n^nced and 

3.1.6. The TV Manufacturing Industry - Foreign Responses 

T.n.n.^^u'"^ evident in the previous paragraphs, foreign firms, mostly 
m^t 'T^Ir '^'^ successful in the past in penef rating ^h^US 

rl' success at present would undoubtedly ba even higher were it not 

Induslrv'^Jcrrefuf^^H^r'"""".^?""'''" P^" °' ^^-^ te^evisio^ 

iT^fi^^c resulted In an orderly marketing agreement (OMA) between the 

urn ed states and Japan in 1976, effective for thl three y^ars'belSi^'S^y 
to Z hn±^A\?^ a J" "y Japan of color TV sets and sSbasseiblies 

^A v States. However, this did not solve the problem. -Imports from 
Taiwan and Korea laaedlately began to fill the gap left by the draatlcallv 

injs .^:ip^^^^ srSLt-Sei^ £ ^'r^j^^^i.^ 

of^apLS 1 ^erlcans in the TV industry) was by the US su'bsId^rJes 

IL I T . ™ Incei-estlngly, it appears that the complex aspects of TV 
set production are still performed la Japan, with the more routSfa e 

of ""^^ ^'^'•^"^ OS^r'kers. In ^c^nt ievel 

of Japanese involvement in the US-based television production has increased 
although accurate figures ware not available at the 'time of writing of tSs' 

3.2. Public Sector Responses 
3.2.1 OS GoTernment Actions 

lie: * . T"^^ recently, the most accurate statement one could make about 

US foreign trade policy was that there was no coherent, com^eh^si^ 
integrated policy. Throughout the history of the United sStes? mist of its 

f?:,f!P^* ^" internal growth. a consequence, there has been very 

litrle pressure for the export of US products overseas. The average U^ 
businessperson rarely thinks in terms of export sales, unlike Se 

Jt^^i^r^^"?" ^ ^"^T °' "^^P^"- "^"^ exerted goods in the past, 

it has been in areas where we have had a dear and significant comoarative 
ttlTT: generally due to either a control of scarcf resoSces^r'^SfJnUe 
traJ^°»f superiority. Because of this set of conditions, intematio^ 
R™n^MiT".*^''^° 7"^ priority by the Federal govenisent. 

Responsibility for various aspects of international trade was scattered among 
a dozen departments and agencies within the government, many with^erla^ 
cLii^T J jurisdictions and responsibilities. This situation has teen In 

iSch ^?hT r" '° countries of Western Europe and JapanrS 

whicn both business attitudes and government functions are strongly oriented 
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coward export crade, as will be seen in section 2.2.2. 

haianr. '^^ mentioned in Section 1, with the continuing decline in the US 

as Sretslv'^t^: T^^' '^'^^''^ "y analyst^ such 

^M^r?^ r f^^"^ "^^^ ^° "^'^^^ Congress and government that the 

United States could no longer afford to neglect the development of a vigorous 
international trade policy. As an example, vigorous 

t^e^^S ^^H",T°f.*^°c' services constituted less than 4Z of 
the GNP of the United States. By 1978 they constituted 92. Imports 
of goods and services amounted to 3Z of the QIP in 1960; by 1978 
this figure had grown to approximately 10%. Thus, imports and 
exports of goods and services today represent about 20Z of this 
comitry's GNP. What this means is that one-third of all US crops is 
grovni for export, and one in eight in American workers and 
manuxacturing produces goods for export.. . .Foreign earnings as a 
riTTT,.f °' corporations h^ve'groS Lom 

^?Sn^? 1*1 °^ ^ multinationals operating abroad are 

substantially greater than export sales from the United States. In 

fe^te' ^98^" °^ ^ countries. (US 

„o ^ - ^° ^° '^o^nter this clear growth in US export activity 

we return the specifics of our growing deficit in the balance S^ymSJs! 

« ^^l^^ ^ ^ percentage of total world trade have dropped 

^Sf ^ '° ^^-^^ ^ 1978... After enjoying annual surpS 

defic?S"5 ""°?"^A,?" ^'^^^^ °^ trade began to experience 

deficits in the early 1970s. In 1978 this country experienced a 
record deficit of $28.5 billion. The projected deficit for 1979 is 
^?r7 ^"^"^^ estimated deficit in 1979 was 

?Ji7 million, a clear difference from the projections. However, 
initial estimates indicate that a large portion of this improveiient 

u°^*/ °^ ""^^ °f "Pital to the United 

ii^^Sh 7 "'"Itinational corporations.] In the 1980s the 

United States is likely to face .increased competition 
internationally which could cause trade deficits larger than those 
experienced in the 1970s. Increased energy costs will force oil 
importing countries to be ever more export-conscious in an effort to 
pay for their oil imports. The new emphasis of many developing 
countries on export-oriented industrialization strategies will 
cnallenge the stability of the US manufacturing base, particularly 
in consumer goods and other products where advanced technology can 
_o^^£^sorbed by foreign competitors . [iSihlsiT-iddgd] (US Senlte T" 

The Senate Committee on Governmental Affairs, in their report on 
irjfr'"^""" functions, went on to some of the more spe'^Ific 

^^""^ de^^elop a coherent trade policy. As indicative of a 
brnader problem within the United States, ^oicative or a 

Continuing trade deficits cannot sicialy be explained away by 
pointing to the size of oil imports. US decline in world markets is 
apparent in such other araas as manufactured goods. In 1970 Germany 
moved ahead as tie world's leading exporter of manufactured goods 
and nas since widen its lead. The United States now aopears ready 



SSnl teff • " — ^ '^-i 1 tr2i£ deficit , the 
and $400 mi llion iT tederaJl tax revenueTTus^nate ,"7535} 

These and other similarly dismal facts led to the Congressional 
^ L^Jfi^' ^"r? ^"'^S^i^tlon Plan No. 3 establlshlnTa 
T^J! 5! *°"i8n trade policy, centered in the oSlce of 

mHlse^'ISSfw) ""^"^ Office' of%h: 

Federal IntcEaatloaal Trade Organization Prior to 1980. 

This reorganization «as In direct response to the dysfu ctional nature 
incoherent organization which existed through 1979. The followinris a 
aTfy'm SS^iS^T f "P reorganization In whlcS 

^« J^nJ ""^^ govemaent considered international trade to be 

i!-a major concerns. 

«feloping and coordinating the implementation of International 
ade policy (was) not the primary mission of any department or 
ency of the government. Three agencies (dealt) primarily with 
ade matters, the STR (Special Trade Representative), the 
cemational Ttade Coomlsslon. and the Export-Import Bank but th.. 
>pe of activities of each (was) too llmiJed to SIl ' ' • 

iprchenaively or effectively with all the .fii.sments of 

:ernational trade policy Commerce (was) primarily concerned 

-h the interest of US Industry; Labor with workers; Treasury with 
: and monetary relations; Defense with military security: and 
ite with foreign relations. (This) means that there (was) no 
igle Egeij<-.y to highlight Important trade policy issues emerging in 
' 5* th<!se agencies, to coordinate research and analysis on the 
^^^m^ to =sistablish a clear set of trade priorities and related 
J:>^y 3.rect.v.vcs. Without centralized direction, inadequate 

cvoted to the trade issues most in need of 
e«?.ilgat4ea. Emerging trade issues may get lost in a department 
o.:c;ji»ied with othir problems more closely identified with its 
ir a:lasioa.. And trade policies in an area may vary froic year to 
r d€,ik-Edlsig <:u which aaei / or department is especially active at 

mcTsont J.Q tha:. pi«rii^.rJ--. area. <*c<.ive ac 

^.a a resuls. ii^ . i^aC policy decisions may be deferred in 

absence ot consea-^as , or either an agency or the President may 
s ^ decision before the implication of the decision on US trading 
iS, and the i^rspectives of other agencies, are fully considered. 
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[The Committee report goes on to provide an example of the 
development of commodity policy in 1975. ].. .While the Commerce 

t^e'^'SSd ^terS'''°l/° -^^P^^ " restrain ™^rts to 

^ ^ * ^^"^ " balance trade with Japan, the 
Jt.lr J J'P^^Tf ^^"^ cautioning Japan that undue Lnort 

m!v antitrust laws-.^Ttlb one agJncroroSSIal 

may be held accountable by Congress or the public Sr the overall 

:S^^l^T:L•°L"'.^"'^^'''=^• is^^' one offJc^ar^^^L 

^av tl ri^ prestige and authority necessary to explain US trade 
policy to the country generally, or to potential exporters in 
particular. (US Senate, 1980) «porters in 

trade poUcy^*'°rLloi?;!? **** situation regarding the development of national 
traae policy. Tne following excerpt from the Senate Committee reoort 

Un e^STcatt "?"otf ^'f '''' ^ternatioS°i™t'^t"^^ of the 

united states, promotion of IB exports, and administration of fair trade laS! 

International Representation 

^r.«H« «^ Msponaibility for talcing the lead role la negotiating 
5Sferf?r!:r'? '^^"'^ three and aoaecSIs W * 

W^!^ ^^^-°"8h STR (Special Trade Bepresentati^O has 

had rasponsiblXity for multUateral and some non-Comunist bilateSl 
tSde !!f°;^^^°'«'. other departments take the leaHn otJer 
trade-related negotiatiuns . The State Department, backed by 
IcZ^J' ^'^ Agriculture, assumes the iead in negotiating 

cl^^iis" 12*^"* ^"nT"' ^ ""'^^ agreements with Commmist ^ 
contries. The Treasury Department with responsiblity for- 
administration of the countervailing and anti-dumpins statutes h«a 
Itl^'T" ""'^ "-"i" to reduce their s^sidies! '; To 

ora!5l.^" ^! °° Industrie* to cease predatory prici^ 

practices. Tteasury, in addition, tjies to negotiate wlS foreign 

fove^^'".".?*""?'^" ^^"^'^''^ ^° " control co^p^titSi'L 

f^I^^^ rf °^ f*'"" ^ Commerce Depar'^meJt Ls 

also from time to time played an Important role in nsgotiatina trade 
agreements. Including the US-USSR trade agreements "ade 
ivnfn^r*^?^*"^'^ foreign negotiators are able to detect and to 
. iriM^M ^ negotiators, thereby compromising our 

refSoisliniti'^ The continued fragmentation of "LgotZaLnr 
responsibility undermines US efforts sustain a consistens aad 
strops position in international trade negotiations. 

Promotion of US Exports 

Today tha US government spends about 100 of IT of its h.,fio.of 
Tr^cr^^ "!^'^^^?° ^« thin J^^n! ?tal" 

HTl' °J Kingdom. A variety of agencies administer 

T^^'^'f attention the export promotion prograSI the 

United States does hav« Currently 85Z ^£ all Aaerlran 

manufactured exports are accounted for by about 1900 connanies 

S ^J,?' ^""'"^ exporters, t^e 95?Sci a;^ 

small and medium sized still account for only 15Z of total exports. 

IToo?!!^'! ^'P*"?'^' esti^t.A that there .re an additional 
18,000 si«all to medium sized manufacturers that ce-'.'Jd • ..ly 
export, but whieh do not do so now. These figure^s au^^^ . that the 
category of .mall to medium sized firms is one area w^era th«e is 
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considerable room for improvement in the US export promotion 
program..... Overseas market information and assistance from 

JnT^.i^i/"^''^!^ "^"u"^ familiar with the language and customs 
in which they work can be a valuable help to companies seeking to 
increase their exports. The fact, however, that these services are 
apparently provided by the State Departoent through its commercial 
attaches means that assistance to US business seeking to export (is) 
split between the Departments of State and Commerce. The sSte 
Department does not have the day-to-day contact with domestic 
business in this country that Commerce does. As a result, the State 
Department is not as familiar with the needs of potential exporters 
as it needs to be in order to do a fully effective job. 
Furthermore yithin the State Department commercial functions do not 
sl^ilt '^t'^^'^'J priority. The positions are filled by Foreig^ 
ff^^ L° ''^''^ discouraged from making a career in this 

field because servica in the political field has traditionally been 
considered prestigous, and more likely to lead to 
promotions.... Export financing, which also significantly affects 
the level of US exports, is the responsibility of two other 

?^ -^^SiSii States may be _the only major developed country 

that maintains separate institutions for H5kHE I55' and pr^ot lSS 

W|51- The Export-Import Bank is thr^ir imary offi HTl source fo r 
aacujtactured exports, while the Commodity Credit Corporation 
finances agricultural commodity exports. Coordinating export 
oh^f^ responsiblity of the Treasury Department through its 
r^^f °^ ^ inter-agency committee, the National Advisory 
Committee on International Monetary and Financial Policies (MAC). 
Export financing is viewed by the Treasury Department as much as an 
.^h^ r*! ""^^ monetary issue, as nn export promotion issue. The STR 
which is most likely to emphasize he importance of an export credit 
financing to the overall trade poscure of the United St^e^' is St 
a member of the National Advisory Committee. 

A similar separation exists between US support of 
investments abroad, and the US trade expansion programs, even though 
direct investments abroad have a significant impact on exports. Se 
govermuant s programs supporting and Insuring US investments in 
developing countries are administered by the Overseas Private 
Investment Corporation (OPIC). OPIC is linked organizationally to 
this country's foreign assistance programs through the director of 
Jh! i^rr''^ Cooperation Agency (IDCA), who chairs 

the OPIC board. The only link between OPIC and US trade pclicy is 
the presence of the Commerce Department on the eleven person OPIc' 
board* 

/ 

Administration of Fair Trade Laws 

Six agencies play important roles in administering the 
programs that regulate Imports or provide relief to firms and 

injured by both fair and unfair foreign competition. They 

?r!Hf^JL "-^^ ^"^^""^ Service), the International 

Trade Coiamission (ITC), Commerce, Agriculture, and Labor Both 

industry and labor have maintained that the Treasury Department 
administration of the anti-dumping act lias been irregular. They 
point to the failure to collect anti-dumping duties already imposed 
as one of the most serious deficiencies. In 1971 there was an 
official finding that Japanese television sets were being sold in 



Policy Analyses 
International Trade 



6-35 



S^n^na S '^""^i^ actuall y assessed . effectively 
denying relief to affected domestic industry for seven years. ^ 
A recent GAO study concluded, 

The long periods of time required to conduct 

'^^ '^^^^y^ averaging three to three and 
one half years in assessing duties after findings of 
dumping make it highly improbable that US industry is 
being adequately protected by the act. 

«h«i'^n.^\''^"^ '^8"^' indicating that between 1955 and 1965. 
when annual imports w-re less than $20 billion. Treasury processed 

rLc'L'riue bSlT^'^i:^ ^'^^ ^ whenTports 

f^^^f ^ billion. Treasury began thirty-three investigations 
including twelve which were subsequently withdrawn due to tS ' 
initiation of the steel trigger price mechanism. (US Senate. 1980) 

^h»r.- «J\^^°'u' '^^^^^^ l^'^lt of response to foreign trade opportunities 
more o??en^L\'L"; °l °' P'^^^^^ ^he Feder'i^ve^ent 

«fde dJSicSjJtSs exacerbate rather than improve our foreign 

llZ ''""■'^'^ities. The author's own conversations during the course of thli. 

es^e'n^Ll^^y'con'^ImS T'^! ""''^^^^^ Federfl g^ve^^tlas 

seem ti ie mSf ^ ^h"^ ^ ^ythlng. Ihese remarS 
^h!^ f "^'l- The author has listened to anecdotes demonstratiajz the fact 

iTrl o"eTto'"2"rjess''Se°r'' k1^''°« '° ^'^^^ products .'Sejulntly' 
7mn«o^ k V 5 . desireable sources because of the inordinate delavs 

Par'^icllar'lv in :^:h 'TT''^' ^ ^" licenses 

ass^iS LiSJ?! ^ ^ exportation of computers and 

re-«i^« of ^JrJ!;. government is justifiably concerned about 

L%Tl^e1se?ca1'Se"^'p:..iriT::v:ir ^^^^^ « 

least r»rM^?? """Sf ^""^ ' '^^^'^ ^^^^^^^ government h-s b-en at 

iS^ac'^^rers L dlLl^K ^ ^T"'^ ^^'erviews with se^Sal 

K r ? distributors of personal computers have shown that most have 

not had any particular difficulty in exporting their products/ £^vS aU 
oL^J^m'^^'^'^T* f " representatives of very acti'^e Sd forceSI ' 
we?rJS avSl^t"^? organizations, representatives oFwhich 

Itlh^ available for comment during the period of our research becaSe of 

SSfi^tv aTw^.'^^'^rfr -PPe- to have had seri^Ss ' 

difficulty at least partially because of export problems. any case the 

iroTll tlT -o-erting the Federal Sle in US i^tSat^o^l «ade 

trom at best a neutral one to that of a positive agency for improving our 
iatemational trade position. unproviag our 

The Newiy Organized Federal Response to International Trade Issues 

„rr , President s International Trade Reorganization Plan went into 

o :e%ti"/ST^'.;. Si'ma^e step 

?rade i i«^.h fS^^'^y satire responsiblity for international 

trade, as is the case with .pan and the countries of Western Europe there 

?;Lm " i "^'^ '^^'^ responsibility for internatioSl «ade 

functions. These are the Office of the rjs Trade Representative (USTR)i; the 

^SSns^b'litrfor Le"".""''?"^' S° agencies Lvfthe 

responsiblity for the develo aent and implementation and day-to-day 

implementation of intern, o ,1 trade policy, respectively. The organization 
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under the US Trade Representative was shown in Figure 6-7. Fizure 6-« «hn« 

Senate Cn™^^^^°^^''^°^ '^''^^ reorganization is summarized in the report the 
Senate Committeee on Govemaental Affairs. report cne 

tS^pn«?!!^^''^°u P^*"' ^ «^°8le individual with direct access to 
wf!!;ifrf ^/^'^S^ developing, and coordinating the 

implementation of, overall US trade policy. In the future the US 
tr'^; ««P««-t:atlve (USTR) will prov'ide L principal gSd«ce^n 

tL^'^ov'^^Lr"" " '"'""^ ^^"-^^ of 

» The fact that the USTR will have as its sole mission the 
at'nti:; °f international trade interests sho^S Sp ?ocS the 
matters ll IttJT^^' '^"""^^^ °° international trade 

^e^eJer 2 P''^"'^- consideration of trade issues 

^ JocaLrL^^SL^p «cessar, . No longer will key trade functions 
DC located in a large department like State or Treasury where it is 
th^re°^'n'»i interests of a department. In t^S future 

or «cSfice1 that trade issues will be overlooLd 

II . I ^ ^""^^ ^"8^ °f ^ department's internal 

consideration of a matter because other Interests have orioritv 
reco:Ln'iU'^': considerations will in «,me cases Lve Jo Je" 
reconciled with foreign policy or other concerns. But the 
reorganization should help insure that the trade issues will at 
anTdeli'io'^'L^iL'e!''^^' ~" consideration, before 

* JP*** ^^^'^ °f the development of oolicv will 

5s?J ^ °' ^ Pl^° specif ic'Tlly Lsi'^ia L^e 

responaiblity 'for developing and for coor^:lJting tJe 
implementation of United States international trade policy.' I? Sll 
a^JjL'"'f ""i"'^ °' ''^^ " ''^'^^^ issue"^. sJ; the 

2S "ed^o cL«^'' ^ comprehensive trade policy the United States 
furihf^ 1, successfully In international trade. The plan 

IZ ^l the USTR shall be 'the principal adviso? to 

tS^t^e USra s°Ll'?"n''°'^ ''^^ policy. '"Ld fSrthel provides 
S?Jc2s Tf President on the impact of any other 

policies of the US govemmeat on international trade. 

The plan authorizes the USTR to issue policy guidelines on 
major trade issues., and provides that such guid^ines Sail 

determine the policy of the United States with respect to 
international trade issues.' The USTR will have this authority in 
connection vith the trade aspects of policies or programs Sfect^ag 
such matters as the ability of the United States Vo Lpand its * 
SSr^n ^"^i'r °^ ^"^""^^ States to monitor compliance by 
Si^oM.T ^" '^'^ recently adopted MTN (Multilateral ?rade ^ 
Negotiations) or other int«macioaal agreements, import relief 
policies, the identification and analysis of trade issues 
international trade issues involving energy, or trade laaiLs 
generally, whether they are dealt^th bilaterally or 
aultilatirally. (US Senate. 1980) 

relative ^to^^h!"; ™* ^?°"8'» "^^h considerably strengthened authority 

c!ar ^e "^T °f affairs, is hardly an international trade 

Iflairs^a ^ l interpret the report of the Senate Committee on Governmental 
Affairs as pointing out that the USTR has now been elevated to the position of 
an important player in what Allison calls the game of govemmLtal 
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3.2.2. Reaper -368 by Other Goveriments 
Japan and Asia 

except, possibly, sports requiring large fjhysical size a T^r.^r,II^ ■ 

the size of the US r^P rh t ' ^rown to more than half 

ue size or tne us GNP. The Jap !v^,.^e taken over world leadersh^n ^T, 

iJsti^nSts^^'d --^^ consumer electronics, optical ' 

o?™ ie:!' S: t'^Slc^t---^"! f^"^'^ States'in^he production 
Japanese is as follows! development of a new industry by the 

enthusiast'"'^athere?rj^i '"^ ^" inveterate and 

not 2y specific s" of Lftr '-f''°° °' ^^P" • °' 

uuc day speciiic set of infom._cife« appears to be imnediatelv useful Rni-h 

primSrro": TS^o^? '^"^^f ^ ^ ^-''^ °^ "tirnrtanis" I'se 

fnJ?^ff!^ collect asri sift information relevant to particular 

inJ"tr[arf?™:":r;i'°"'" -^^^^ -operation bet'^ee" Srge 

estSusSnf^r' trading companies, and government ministries. In 
establishing national goals such as the one on development of the comouter 
tate"^ Lr'^rf - -^io^l goal has be'^n estf blLheTiTis 

f iSs^a\^irsiL^-L-^^^^^^^^^^ 

Experts in the field of interest from other countries are invited tn T^n^n ^ 

late 1960s,.. .when computers first came to widespread attention over o^e 
niillion copies of the textbook to accompany the educational 

on computers were sold in one year." (Vo^S^, DT?)^ television program 

The extensive information gathering is rapidly turned ^nl-n ^>,= 

ql^ltro^'i^c'om'Ll^^T" techniques. Si^e, reg^j3irss"o?1he°LSt and 
quality of incomln;; infonnation, errors are bound to be made in develooine a 
new industry and costs for the initial product are likely to b^ relatJvSy 
high, most initial production of the products in question iroerto dnm«r7;f 

"ri^t'^r'es; l''" °' ^'"^ "^'''^^ de'^elopment'^co'sts^ar: ^ub 1^^'^^ 
low-interest loans or outright grants from the Japanese government 
Furthermore, the practice in Japanese industry is toTvf IJ^^s of H.h^ k 
to°1 uit^°3\^^'^^\hTrfT\'^ ^.^^-^ Unired%Ja%e^r Jh^lMyplcWl b%' 

ERIC 
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in Japan because of the national tendency toward a high rate of consumer 
savings. For example, the savings rate for private citizens in Japan in 1977 
was 21. 2Z as compared with a rate of 5.1% in the United States (in terms of 
ratio of personal savings to disposable personal income). Of the top seven 
OECD countries, Japan has the highest rate of national savings; the United 
States the lowest. At the end of 1979, the personal savings rate in the US 
was down to 3.2Z. Personal savings make up about one-third of the total 
capital available for investment in the US. Furthermore, the Japanese 
government exerts great control over the selection of those companies to \^ich 
Japanese commerical banks make loans. At the other end of the capital 
investment picture, a typical Japanese company gets less than one-sixth of its 
capital from stock, as compared with one-'half or more in major US firms 
(Vogel, 1979) This greater dependence on debt capital in Japan is accompanied 
by reduced pressure for short- term growth (of the sort usually generated by 
stockholders). 

How has the Japanese government been able to direct lending 
practices of private banks? It has been able to do so quite easily 
because during most of the period of high growth, there were such 
pressures on the commercial banks for funds that they loaned in 
excess of their stipulated ratio and bad to borrow from the Bank of 
Japan to cover commitments. Japan's central bank is not an 
independent central bank, but rather one which follows the Ministry 
of Finance policy. Therefore, the condition imposed for provision 
of the extra funds which the commercial banks were frequently 
seeking, was that the loan policy of the commercial banks be in 
accordance cith government priorities. 

Commercial banks were able to get an explicit 'reading* of 
the industries and companies which the government wished to favor 
from noting the companies to which the Japan Development Bank made 
loans. (US Comptroller General, 1979) 

The Japanese Ministry of International Trade and Industry (MITI) plays 
a major role in this development. It acts to influence the decisions of the 
Ministry of. Finance, as just discussed. It also influences a number of 
tax-related incentives to industry to develop in specific directions. To 
begin with, the corporate tax rate in Japan is slightly lower than that in the 
United States (40Z and 46%, respectively, on undistributed profits). In 
addition, Japanese firms typically take double declining balance depreciation 
on capital equipment. In those industries receiving favorable treatment from 
the Japanese government there is an additional 25% first year "rationalization 
allovance** for that equipment which is of particular use to development of the 
growing industry. Although no longer in use this allowance was given to 
Japanese firms between 1952 and 1976 and included the electronics industry. 
Furthermore, until about 1972, firms with strong export performance were 
allowed to take additional tax write-offs and in some cases deferred income. 
Finally, additional rates of accelerated depreciation were allowed for the 
companies with strong export performance until 1971. By that time th??. major 
Japanese firms had reached extraordinary health and were responsible for the 
growing Japanese surplus in international balance of payments. The additional 
incentive were consequently dropped; however, the continued use of ready 
access to capital via commercial banks is still a major government tool. 

The Japanese government also influences the rate of personal savings* 
Japanese families are exempt from taxes on the first $5,000 of interest income 
as compared with a $200 allowance in the US. 

The Semiconductor Industry Association has the following reaction to 
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The key concern of the industry is its severe disadvantage 
in competing with aggressively-growing, government subsidized 
n^f^f*^>,T^°^!^ '^^''^ ^''^ assured sources of capital and thus can 
nrif^.Jfw ^°^"fi^ without concern for current earnings. The 
profitability of US semiconductors firms is double or triple the 
profitability of the Japanese and European firms and the US return 
on equity is double its foreign competition, despite almost 
exclusive US reliance on equity capital. (Noyce , 1980) 

Table 6-9 shows the situation as presented by the SIA. The 
^S! ^° with government loan guarantees 

the practice of allowing the infant industry to get through its growinrSins 
by protected internal consumption, government subsidy o?^esearch aS 

Jefric?ri'°tL r'"^' ^"'^ pront :lrgins, as 

reflected in the return on equity are all listed as major, government-induced 

m'a^^f^cJ^L:! "'"'^^ competitive positions of jipanesTSTS' 
Europe 

^ situation is similar in Europe, but the level and scope of 
government support of European industry is not so intense as in jfpan. 
Nevertheless, it is significant. Table 6-10 (an extended version S Table 
ofT^J^^^ °™ government subsidies and loans for the semiconductor 
industries in Europe, Japan and the United States as of March. 1979. 
Neverchless, the European Economic Community is definitely engaged in 
?J member countries toward development of a collective capability 

inftS^ ^ (peripherals, terminals, mini- and microcomputers), 

iJ/t * telecommunications equipment (the latter involvement spurred a 
recent remark by Representative Van Deerlin, concerning lobbying on Ms 
sunn^iel'of . '° 'f' Communications Act. to the effec? that European 
suppliers of telecommunications equipment were exerting undue influence in 
opposition to the bUl). However, the EEC response tends to be mo« Reactive 
n^ner^'or^H n "J^^J expansive. For example, in the recent position 

paper of the Commission of the European Communities the proposed community 
response was summarized as follows: "i~acu i.ou™uaj.Ly 

It is important to support the creation of a European 
Information industry 

- 3y helping the private sector to invest in the creation of 
data bases and associated services; 

- In making sure that the small and medium sized enterprises 
have access to the information required; 

- By promoting accessible public data bases, the coordination 
and nationalization of policies in the members states and joint 
community action where appropriate; 

- By encouraging the European information industry to export 
its products to the world at large. (Commission of European 
Communities, 1979) 

The level of encouragement discussed, although more restrained than that used 

O 193 
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TABLE 6-9 



1978 Average 1978 After 1973 
After Tax Return Taac Earnings Debt/Equity 
on Equity As Z of Sales Ratio 



Six U.S. Companies 16.3Z 6.4Z 16Z 

Four Japanese Companies 8.0Z 1.9Z 

Two European Companies 9.6Z 2.4Z 47% 



345Z 



/Source: Noyce, 1980/ 



TABLE 6-10 

. GOVEItmr SUOSIDIES AND 
LOANS fflU SEMICONmiOllS 



i h i* n il m i»ww>wc mmi " ■ W n ^ 



iiiir 



EEC 



GE^y 



ITALV 



FRANCE 



UK 



1 



JAPAN 



KOREA 



PROPOSED & ACTUALS 



IN PLANNING STAGES 



SGS-ATES (LOAN i SUBSIDIES) 



tlOO HILLION 



3 VEARS 



(130 - {40 MILLION YEARLV) 



(135 HILLION 



ST GODAIN PONT A HOUSSON 
HINISTfty OF INDOSTRV TO TIIOHSPSON CSF-SSd 
THOMPSON CSF + CEA (SESCOSEH/EFCIS) 
RADIOTECIiNiqUE COHPELEC 



unoTALjaasH 

NEB AVAILADLE FUNDS LIHIJ: (6B 
NEB TO INSAC (SOFTWARE CONSORTIUH) 
NEB TO INMOS LTD. 

NEB TO PLESSEY (LOAN) ' 

OOI TO HISP (HICROELECTRONIC INDUSTRV 
SUPPORT PROGRAHilE) 

DOI TO HAP (uP APPLICATIONS PROJECT) * 

E-BEAH FAB TECHNWES . 

NCC - AWARENESS PROGRAH (SOFTWARE TRNG) 



(50 MILLION 
(120 HILLION TO 
(200 MILLION 
(25 MILLION 



4 YEARS 



S YEARS 



VLSI SUBSIDY (LOAN) 



GOLD'STAR, ET AL (WORLD BANK LOAN) 



( 40 MILLION 
(90 MILLION 

( 40 MILLION 
(140 MILLION 

(180 MILLION 
( 18 MILLION 
( 90 MILLION 



3 YEARS 

3 YEARS 
BY 1981 

5 YEARS 



(250 MILLION 



(600 MILLION 



4 YEARS 



ROCKWELL 



EL 9"2a-7B , 
EW 7-5-70,7-26-78 



ECON 8-5-78,EW 2-21-19 
ECON fl-5-7fl 
EW 11-15-79 
EW 7"5-78, 2-21-79 



EW 2-21-79 

EH 12-13-78 

EL 9-28-78 

BW 7-3-78 

EN 6-5-78, 7-3-78 

ECON 7- -78 

EW 8-2-78, 12-13-78 

« 

EW 12-13-78 
EL 9-28-78 
EW 12-13-78 



l^OCKWELL 



ICE 



1 



USA 



VIISI 
NOS 



(250 MILLION 



5 YEARS 



TOTAL GOVERNMENT EXPENDITURES WORLDWIDE (2.3 BILLION* * 3 - 5 YEARS 
FOR PROMOTING SEMICONDUCTORS 
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by Japan, is still significant, particularly in Germany, France, and the 
United Kingdom. However, in the UK events have taken a recent turn which 
might ultimately act to weaken their comptetive role in computers and 
electronics. 

There is one intriguing question which we should raise, even though 
i^ere are no data available at present with which to address to the issue. 
This is, to what astent will the economic " threat" posed by US and Japanese 
dominance in the microelectronics and computer industries, and further 
expressed at the individual consumer level by US dominance of personal 
computer sales in Europe, cause a political solidification of the EEC? It is 
clear that the potential adverse impacts of computers on employment in Europe 
is a major concern of the governments and labor unions in Western Europe. As 
stated previously, the general attitude at the moment appears to be one of 
accepting the inevitability of these technologies and assuring that the EEC 
gets an appropriate share of the pie. The Commission of the European 
Communities is currently urging the member countries to unite, resolving 
transnational differences, in reaction to this challenge. The rapid increase 
in popularity of personal computers in Europe may act to develop broader 
public support for these measures. 

The chief aechanism for government support of investments in private 
industry in the UK has been the National Enterprise Board (NEB) which is a 
government holding company. Until recently, NEB planned to spend up to $6.8 
billion on the British electronics industry. NEB spending through the 708 in 
computers and semiconductors has been in the order of $1 bUlion. However, 
under the conservative government the NEB plans to cut spending by 80%, with 
much of the budget cut acting to reduce funding from electronics companies. 
The future policy of the board apparently is to emphasize near-term payback of 
its investmeits and to invest in the future only in product developments which 
promise a high, short-term, rate of return. To some analysts this presents 
the interesting spectacle of the US and the UK vying with each other to 
determine which government can, through its polices, create the most havoc in 
its key developing industries. Figure 6-9 shows the current plans for the NEB 
to divest itself of its existing interests in the electronics industry and to 
limit its future investments . In short, the government of the UK have 
apparently decided that government holdings should be minimized and that, if 
there Is even the slightest chance of private capital becoming available (or 
the slightest chance that private capital ought to be available) then the 
government should have no role in the matter. This situation consequently 
becomes much closer to that generally obtaining in the United States where , as 
one wag put it, "The only time the Federal government will support a 
development project is when there is absolutely no commercial utility to the 
results. "(Remark made to the author by a Federal research manager). 

The UK government have not entirely withdrawn its support for 
developments in the microelectronics and computer industries. Programs 
outside those supported thourgh the NEB are still continuing with little 
disruption as yet; support to microelectronics firms will total about $250 
million over the next four years. 

All of the above relates to the development of microelectronics and 
computer Industries in general. None of the governments in other countries 
has developed specific policies relating to. the support of the personal 
computer Industry. It is probable that no policies with this specificity of 
support will be promulgated in the next few years, since personal computers 
are still generally considered to form a sub-element of the computer and 
semiconductor industries themselves. However, there is strong Interest in 
Europe particularly concerning the effects of personal computers and 
microelectronics, particularly as they affect jobs (see Section 4.2). 
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FIGURE 6-<^ 

THE BRITISH GOVERNMENT TRIMS 
ITS ROLE IN THE INFORMATION PROCESSING INDUSTRY 



National Enterprise Board 
(state holding company) 



/' Investments in two companies ^ 
are for sale to help meet the 
government's demand that the 
NEB come up with $225 million 



Major long-term investments in 
three companies are marked for 
sale as soon as they become 
profitable. In keeping with 
NEB's new policy of limiting its 
investments, such Investments 
will no longer be made 



Limited investments In four 
companies are the kind that 
NEB will continue to make as 
part of Its new policy to 
foster only small, established, 
high- techno logy companies. 
NEB will Sell its share of any 
company's assets as soon as 
private investors are willing 
to buy 

^ y 

/SOURCE: Business Week, 3-24-80 



PERCENT OWNED 

BY NEB 

f COMPUTER 5 SYSTEM ENGINEERING Ltd. 

(communications equipment) 27.8% 

FERRANTI LTD. 

(electronic systems) 50 



IMOS INTERNATIOttAL LTD. 
(microelectronics). ... . . , . 

NEXOS OFFICE SYSTEMS LTD. 

(office equipment 82^5 



67.3 



iNSAC GROUP LTD. 

(computer produces S services). . . .100 
CAP-CPP GROUP LTD. 

(software) ^ . , 29.5 

LOGiCA HOLDINGS LTD. 

(software) 20.8 

SYSTEMS DESIGNERS INTERNATIONAL LTD. 
(software) 26 

SYSTIMF LTD. 

(hardware and software systems) . . .29.5 

SYSTEMS PROGRAMMING HOLDINGS LTD. 
(computer services) 30 



DATA RECORDING INSTRUMENT CO. 

(computer peripherals) 89.7 

Ql EURPOE LTD. 

(microprocessing systems) 51 

LOGICA VTS LTD. 

(word processing) 43 

MUIRHEAD OFFICE SYSTEMS LTD. 

(facsmile systems) 25 
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Government agencies find themselves torn between the desire to effectively 
compete with the United States and Japan in these Industries and the need to 
avoid. Increased unemployment resulting from the applications of the 
technologies. If the latter need becomes dominant, it is conceivable that 
these governments might adopt policies tending to restrict the use of these 
technologies and to stifle the development (or at least the development for 
internal consumption) of their own microelectronics and computer Industries. 

4. Stakeholders 



From the point of view of International trade issues , there are 
essentially four groups of private sector stakeholders to consider: the 
microelectronics industry, the computer industry, the distribution and retaU 
industry, and consumers. For all bf these stakeholders the primary interest 
is economic. For the first three groups the central question is whether each 
group can produce and/or distribute its product profitably under current 
conditions of International trade. For the consumer group the issue is one of 
making a choice between the capabilities offered at various price ranges by 
domestic and foreign companies. To these groups is added the primary public 
sector stakeholders, the Federal government. Table 6-11 sunnarizes their 
objectives. Table 6-12 gives further details on some of the stakeholders. 

4..1, Mlcroeleetroales Industry 

The various technological possiblities of personal computers which 
have been described previously in this report all depend for their realization 
on a continued gtowth In demand for continually more sophisticated 
microelectronic?? components. Thus far, with the exception of a brief period 
of over-supply in the old-70s, demand for microelectronics products has 
greatly exceeded supply. In fact, the Inability of US microelectronics 
manufacturers to meet the International demand for their products, 
particularly memory chips, is considered to have been the prime factor In the 
capture of a significant portion of the International market by Japanese 
manufacturers. Thus, a primary concern of US manufacturers, as reviewed In 
the previous section, has been acquisition of sufficient supplies of capital 
to maintain an adequate response to International demand. This is the primary 
concern expressed by spokesmen of the Industry. 

Concerns have also been expressed that demand will falter In the 
future because the requirement for ever Increasing sophistication will wane. 
Although this is possible, the implication reflects a choice in engineering 
approach rather than a fundamental change In the nature of the market. That 
Is, the demand for Increasing density of components on a microelectronics chip 
will apparently continue to hold for several years. The issue is whether the 
Increased number of components on an given chip will be devoted to more 
sophisticated tasks or to greater quantities of a well-defined task, such as 
Increased size of maaory, rather than a very elaborate, 

microelectronic-embodied operating system. These are all clearly issues which 
will be resolved by market processes rather than by governmental action. 

The semiconductor Industry, together with the Electronics Industry 
Association (the latter also representing other aspects of the electronics 
industry), have been quite articulate In expressing their concerns in regard 
to the possibilities for International competition, particularly from the 
Japanese. The SIA, the EIA, and others have made presentations to Congress 
and have Informed their members of the status, possibilities, and progress 
concerning these . issues. Their concerns with import competition are not 
usually presented in terms which deal specifically with personal computers. 
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TABLE 6-11 
Stakeholders - International Trade 

-Partial List- 



Actor / St akehold er 



Fup.ction 



Objectives 



PC Consumer 
Home 



Small Business 



Large Organization 



End User 



End User 



End User 



Entertainment, education, household 
information control functions, elec- 
tronic mall. Brand name conscious. 

General business information handling, 
emphasis on text processing, finan- 
cial and inventory control. PCs as 
means for "resident expertise" 
embodied in software. Price conscious 

PCs as component in distributed pro- 
cessing system, standalone systems for 
local office management, data entry, 
records keeping. Seen as tool for , 
increasing Information worker produc- 
tivity. More sophisticated cost/per- v 
formance analysis before purchase. 



PC Producers 



Hardware (lanufacturer 



OEM 



EKLC 



Components 



200 



Assemble attractive hardware & soft- 
ware package for one or more of above 
markets. Try to control parts procure 
ment, timing, financing, minimize 
direct end user Interaction, bundle 
software into package or otherwise con 
trol software to maintain, uniqueness . 
In U.S. case, try to prevent foreign 
competition; in foreign case, try to 
break into U.S. market with low cost, 
high cost, high volume product to 
l^erage into higher margin, larger 
system sales. ^ 
PCs now seen as small portion of tot^Ji 
microprocessor market. New CPU chips, 
memory, etc. developed for higher 
volume areas (auto industry, smart 
appliances). As market increases so 
will attention paid to PC-particular 
products. Foreign competition 
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TABLE 6-n (Cont'd) 



Actor/Stakeholder 



Function 



Qblectives 



PC Producers 



Hardware Manufacturer 



Software House 



Components 
(cont'd) 



Producer of 
systems, 
applications 
software 



threats growing consideration, 
especially for microprocessor manu- 
facturers* Press for better copy- 
right, patent, tariff protection. 
Produce unique software or software 
sets tailored to one or more segments 
of above markets (e.g., games> inter- 
active graphics, other en t er t alnment 
modules, business applications, systems 
programs, etc.) Major concern with 
protection of intellectual property 
by copyright, patent, encryption, etc. 
Try to- act as source for major OEMs, 
avoid foreign competition. 



Federal Government 



Dept. of Commerce 
Economic Development 
Admlnlst rat Ion 



National Bureau of 
Standards 



ERIC 



Assistance 



Standards 
Setting 



Aid foreign trade-injured firms 
through expert advice, loans, loan 
guarantees. Current law requires 
that absolute losses in business must 
have already occurred before aid can 
be given (Bam door syndrome). 
Act to Increase quality of PC products, 
produced In U.S. Set standards to aid 
In US technological superiority. 
Develop standards such that intra U.S. 
competition la not stifled. Possible 
means for reducing import coizqpetitlon, 
increasing exports. 
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TABLE 6-12 

International Trade 
List of Specific Stakeholders 



INDUSTRIAL 

Microelectronics Manufacturers 

INTEL 

National Semiconductor 

Exxon/Zllog 

UTC/MOSTEK 

TI 

Falrchlld 

Advanced Micro Devices 
Nippon Electric 
Motorola 



25% of memory market 
XZ of CPU, I/O market 
5% of memory market 
12Z of memory market 
14% of memory market 



5% of memory market 
5Z of memory market 



Primary PC OEMS (In estimated order of market share) 

Tandy/Radio Shack 40Z of PC market 

Apple, Inc. 
Commodore/PET 
NbrthStar 
< Cromemco 
DEC 

Data General, Hewlett Packard 
IBM 
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Rather, they treat the development of microelectronics in general. One would 
expect their concern with applications of personal computers to increase 
generally in proportion to the increase, if any, in the share of their market 
which personal computers represent • 

4«2« Coaputer Industry 

The computer industry has well established relationships in 
intercational trade, dominated by IBM. The industry, at least the mainframe 
and minicomputer industry, is also characterized by a large number of 
multinational corporations: Amdahl, Borroughs, CDC, EEC, Honeywell, and IBM 
as major examples. The top seven computer manufacturers account for about 80% 
of total world data processing revenues. ^(Datamation, May 25, 1979) However, 
as mentioned earlier, competition from firms based outside the United States 
is steadily eroding their market share. For the most part, these dominant 
manufacturers in the computer industry have not entered the personal computer 
marlcet. Consequently, they have no specific existing interest in the 
international trade aspects of personal computers. This interest would be 
expected to change only when, or if, they decide to enter the field. 

As mentioned earlier, personal computer manufacturers, following the 
traditional pattern of developments of US firms, have concentrated on domestic 
sales, although som^ of the more enterprising manufacturers are already making 
extensive plans to expand their export markets. None of the manufacturers 
interviewed by the USC research team expresses any particular concern at this 
point over undue competition from foreign firms. This is a situation typical 
of a rapidly expanding market where demand appears to far exceed supply, so 
that the prevailing attitude is that there is room for all comers. The USC 
research team knows of only two personal computer systems in the European 
market which are manufactured outside the United States. One is the Scandia 
Metric ABC 80 (which uses many US manufactured microelectronics components) 
with sales of about 10,000 units as of early 1980, and a personal computer 
manufactured by Sharp, sales unkown. Neither European nor Japanese 
manufactured personal computers have appeared in the United States to any 
extent as of this writing, although it is anticipated that a personal computer 
manufactured by NEC, which was introduced in Japan in November, 1979, may 
appear in the US market in the second half of 1980. Past experience with 
recent introductions of computer peripheral equipment by Japanese 
manufacturers leads the author to believe that a Japanese personal computer 
will provide serious technological competition to existing US manufactured 
products. 

Unlike the manufacturers of computer hardware, independent computer 
software houses, particularly those dealing in personal computer software, do 
not constitute a monolithic, well organized industrial block well equipped to 
deal in international trade. Because of the great ambiguities even in 
domestic protection of softr^re by patent or copyright, the future course 
development of the domestic software industry is uncertain. It is 
characterized by a relatively large number of small, independent firms at this 
jmcture (like the personal computer industry in general). There are no key 
spokesperson nor well organized industry associations for either the personal 
compute software or hardware producers. Like most infant industries they are 
underrepresented in government circles. 

4.3. Distributors 

There are essentially five modes of distribution of personal computers 
in the United States: direct sales from manufacturers, sales through 
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independent brokers or retailers, through manufacturer-operated stores, 
through independent retail chains of computer stores, and through chains of 
general retailers. The predominant mode of distribution at the early stages 
of development of the personal computer industry was direct sales from the 
manufacturer. Manufacturer-operated retail stores range from the few stores 
operated by Che Digital Equipment Corporation to the extensive chain operated 
by Tandy which distributes its computers both through its general purpose 
stores and a small, but increasing number of computer-only stores. Private 
computer retailers range from individually owned computer stores to chains 
such as the Byte Shops and Computerland stores. Finally, national general 
retailers such as Sears and Montgomery Wards have also begun to retail 
personal computers. 

Manufacturer-owned distribution points can, of course, restrict their 
sales to their own products and consequently can restrict competition from 
other countries to the extent that they retain customers loyal to their 
products. For the rest of the distribution chain, however, it is in the best 
economic interests of the distributor to handle only those products, foreign 
or domestic, which provide the highest rate of return. Although US 
manufactured products are clearly dominant at the moment, there is no reason 
to believe that imports of suitable quality and price might not displace US 
manufactured products in the future. As is the case with the producers of 
personal computer hardware and software, there are not as yet any national 
organizations equipped to lobby effectively for a Federal role in the 
protection or development of their particular interests, 

4«4« Consumers 

It has been amply demonstrated in the past that there is no particxilar 
sentiment on the part of American consumers to prefer US manufactured products 
if a foreign manufactured product is available at a lower or the same price 
and at equal or superior quality, respectively. There is no reason to believe 
that these consumer attitudes will be any different in the personal computer 
industry than they have been in other areas of consumer electronics. There 
may be greater insistence on US manufactured products for personal computers 
used in business applications to the extent that American consumers concern 
themselves with the use of US produced software. However, wherever hardware 
produced by foreign competitors is independent of the origin of the software 
used with it, the attitudes of business purchasers are likely to be similar to 
those of American consumers in general. 

Straitened economic conditions, such as continuing high inflation and 
interest rates, are likely to make the consumer computer market even more 
price-sensitive, in addition to influencing the ability of US personal 
computer and semiconductor industries to compete. Thus, lower cost imports 
might more easily increase their market share under these conditions. On the 
other hand, continuing development of public awareness of the sources of a 
chronic US imbalance in international payments may result in a growing "buy 
American" sentiment on the part of consumers. We have not been able to 
develop adequate measures to judge the relative influence of these 
externalities at this point, 

5 Policy and Technological Options 

The international trade issues relevant to personal computer 
technologies can be grouped into two categories: those issues which directly 
relate to international trade policy, and those which deal with industrial 
policy; the basic health of the U,S, personal computer and underlying 
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technogically intensive industries. Unfortunately, in the past, the problems 
of international trade have been looked upon - and dealt with - by Congress 
and by many policy analysts solely as trade issues. The underlying policy 
issues relating to- the general economic health of an industry have been 
neglected or, at least, divorced from international trade considerations 
except where industries have been terminally ill (as with the Trade Adjustment 
Act). Generally, the symptoms have been treated rather than the more 
fundamental causes. 

5.1 Industrial Policy: Maintenance of prlaary Technological 
Superiority 

The underlying issue of the Federal role in maintenance of U.S. 
technological superiority falls broadly across the government, but U.S. policy 
toward scientific and technological innovation, particularly the production 
and diffusion aspects of innovation, plays a central role. In the Executive 
Branch this issue could logically involve the Office of Science and Technology 
Policy, the National Science Foundation, the Department of Defense, NASA, the 
Department of the Treasury, the Department of Justice, the Small Business 
Administration, and several components of the Department of Commerce which are 
ordinarily not thought of as directly Involved in international trade issues. 
Several Congressional Committees have existing or potential interests in these 
areas . 

5. 1. 1 General Issues 

Under true free marlcet conditions, in which there are absolutely no 
artificial modifications of the price of a product (and where potential 
consumers have essentially perfect information about, and access to, available 
products), a product which is optimized in design and price for the perceived 
needs of the marlcet population will rapidly gain dominance over less well 
qualified products. The better technology will replace its less capable, 
lower quality competitors even in cases where the better version may have a 
higher initial cost. The United States clearly has the best products in the 
personal comiwter industry at present. The central issues are whether the U. 
S. will have the basic capability to maintain its position and whether the 
market is or will remain truly free so that the law of comparative advantage 
is free of political modifications. 

Although the countries in western Europe, particularly Germany and 
France, present growing competition to the United States, Japan is by far the 
most formidable near term competitor and will be discussed as the prototypical 
case. The primary threat from Japan to U.S.. dominance of the personal 
computer market comes from the demonstrated and growing Japanese industrial 
ability and innovativeness ^nd from the restraints on free trade Imposed by 
the Japanese government. The overall Japanese strategy is invariably, on an 
industry-wide basis, to forego short-term return in favor of the prospect of 
subsequent domixiation of the market. That this approach has been eminently 
practical has been covered in previous pages. 

In the early 1960 *s the Japanese government and industry mutxially 
decided that further economic development required development of a superior 
technological capability. Intensive efforts were then made to train 
scientists and engineers so that the development could occur. At present 
Japan has approximately as many scientists and engineers engaged in 
non-defense research and development as does the United States even though it 
has only half the population. Although the United States is well ahead, by an 
order of magnitude, in the production of Nobel laureates, the Japanese are 
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clearly attaining parity or even superiority in many areas of applied high 
technology. (National Science Board, 1978). 

According to Vogel, this rapid evolution of a superior Japanese 
technological capability is only partially due to specific goverrjaent 
financial support and encouragement of forms of industrial cooperation which 
would be counter to U.S. antitrust laxre (Vogel, 1979). Vogel .?.t tributes a 
major fraction of Japanese development to basic and pervasive attitudes of 
cooperativeness and consentaneousness on the part of govemm/jat and industry 
officials and workers. There is insufficient space here to go into this 
aspect of growing Japanese technological competitiveness e:a;cept to point out 
that the .entire population of the United States must seriously consider 
changing its attitudes toward intra-industry and g' .Y^nment-industry 
cooperation, including relationships between managt^ u and labor, if it is to 
successfully n?2et this challenge. Federal policies alone are not likely to be 
able to reverse che trends just described; they must be matched by general 
changes in attitudes toward innovation in order to be successful. 

Japan and the EEC countries frequently level the same charges against 
the United States that U.S. industry representatives have aimed at Japan: that 
the U.S. government gives massive support to new technological developments. 
A frequent target of this criticism of the Ifeited States by other countries is 
the past support of the electronics and computer industries by NASA and the 
Department of Defense. There is no question that support by these agencies of 
basic technological developments in the computer and microelectronics 
industries has been fundamental in initiating their growth. However, beyond 
development of the basic technologies, it is not at all clear that NASA and 
DOD support of applied technological development for their specific mission 
areas has any direct relationship to increasing the competitiveness of US 
industry in the commercial sector, with the exception of the technology 
transfer programs of NASA and, to a lesser extent, of DOD. These, however, 
have not been particularly major factors in the past. 

There are those who argue that DOD-aud NASA-oriented developmental 
efforts, combined with a lagging U.S. production of qualified scientists and 
engineers, has resulted in a weakening of our private sector position relative 
to 

Japan by siphoning off scarce scientific and technological talent. There are 
also countercharges by those in DOD who argua that the concentration of U.S. 
firms on microelectronics, has weakened defense technology. The recent DOD 
initiative for the development of VHLSI technology is a manifestation of this 
concern. 

Notwithstanding these internal differences, the general consequences 
of actions by the U.S. Government seem to have been as follows: 

"Japan encourages its strong industries; the United States 
protects Its weak ones.*' (Comptroller General, 1979) 

In April, 1978, because of a growing realization of fundamental 
differences such as these. President Carter ordered a study of the role of 
government in furthering technological innovation in the United States. This 
study (completed in October, 1979) and related activity in Congress have 
resulted in increased appropriations and expanded roles for existing 
Department of Commerce and National Science Foundation programs toward 
increasing the rate of innovation. Yet, it appears that these programs, at 
least in their present form, are just starting to break with the long standing 
tradition of avoiding any possible imputation of direct support of our 
strongest industries. However, there are a number of policy options for 
increasing the health of our strongest technological industries; options 
which, although possibly involving industry-specific incentives, are far short 
of any real or implied industry/ government "collusion" of the type alleged to 
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occur in Japan. The most important of these are as follows. 
5.1.2 Economic incentives 

Japanese government incentives for development of favored indxastries 
have already been outlined. There appears to be no fundamental reason why the 
United States should not consider adoption of similar methods in order to meet 
the demands of foreign competition. To summarize, major tools used by the 
Japanese have been the following: 

1. Allowance of extra-accelerated depreciation and shorter terms for 
depreciation of capital equipment and R & D investments for industries 
which are either felt to be important to the country's economic growth 
or for *ich the government requires maintenance of a basic capability 
for strategic reasons; 

2. Further tax incentives for firms engaged in export of their products 
in these favored industries; 

3. Imposition of restrictions on foreign capital investment; 

4. Encouragement of a high rate of personal savings; 

5. Backing of lov interest and/or gmranteed loans to preferred firms; 

6. Maintenance of limited mobility of the best entreprenuers , engineers 
and workers (through social aa well as governmental pressures) « 

7. Direct or mandated procurement of the output of the emerj^iiii* or 
renovated industry in its -infant** stages. 

It is clear that the structure of American society does nuL condone 
limitations on personal mobility and employment. The idea of a lifetime job 
with a single company or government agency is considered ludicrous or, at 
best, anachronistic by many Americans. Nor is it at all clear that mobility 
limitations are even desirable in a rapidly evolving industry. A good 
argument can be made that the high rate of job shifting in the 
microelectronics industry is instrumental in the correspondingly high rate of 
technology transfer and development within the industry. However, there is no 
compelling reason why the Qaited States government could not make a convincing 
case for industry-specific incentives such as the rest of the list just 
mentioned. The following are some of the instrumentalities for each of these 
potential alternatives. (These are sumcBiarized in Table 6-13)'. 

Speclel Tax IncentlTes for Technologylntensive Firms 

This is an issue which is at the heart of the U.S. system of 
government. In general. Congress has been loath to grant special favors to a 
particular industry - and even less willing to aid individual firms - except 
in extreme circumstances, where major and immediately apparent economic 
disasters might occur. For, example. Congress has been persuaded to aid 
Lockheed and Chrysler primarily because of the high political visibility and 
concentrated effects of their forecasted failures, according to some analysts. 
The U.S. steel industry, on the other hand, ^ile possibly in a decline 
ultimately as catastrophic as that projected for Chrysler, is dying slowly and 
relatively unobtrusively (due in no small measure to a chronic lack of 
innovation; which is due in turn, according to the American Iron & Steel 
Institute, to Federal economic policies, and to short sighted management 
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practices, according to critics of the Industry). But, because its demise is 
slow, there are as yet no similar heroic rescue measures circulating in 
Congress except through such measures as the Trade Adjustment Act. In any 
case there is certainly little sympathy for special tax incentives for an 
industry which is currently thriving. 

One argument for special incentives is that the personal computer and 
related industries are faced with special problems, particularly those related 
to the dynamics of their growth. Unlike more mature industries in which the 
rate of technological change is slower and more stable, the personal computer 
and related Industries are faced with obsolescence times of two or three years 
rather than decades. Further, as the hardware and software technologies grow 
rapidly more complex the rates of development, and the cost of "replacement" 
capital equipment, and the demands for development capital increase pace. The 
small firms currently typical of the personal corcputer industry may often be 
unable to take Imediate advantage of powerful incentives such as the 
investment tax credit because the requirements for capital outlays in their 
developmental years may substantially exceed their profits. For these firms 
a rebate on taxes yet unowed would be considerably more effective. Tax credit 
carry-forwards may come too lace. Yet there is considerable hesitancy in 
Congress and among economists to engage in this form of up-front support. 

Noyce points out that "over the last four years capital investment in 
plant and equipment as a percentage of sales has grown by sixty percent" 
(Noyce, 1980) and that the cxaaulative investment in plant and equipment in the 
microelectronics industry over the next decade would be about $28 billion or 
about two-thirds of the projected annual sales at the end of this period. ' The 
personal computer industry is less capital intensive than the microelectronics 
industry (at present) but might be ejcpected to have similar capital 
requirements for sustained growth over this period. If so, then the personal 
computer industry might be expected to require a cumulative investment of from 
$A billiea to $16 billion over the next decade, much of it in capital 
equipment requiring replacement by the end of the decade. Since the dominant 
mode of investment phUosopby in the U.S. emphasizes a fast return on 
investment and is adverse to even moderate risk-taking it appears that some 
non-market means of enticing a greater level of investments in these 
technology incentive industries must be found. Tax incentives can provide 
these inducements while stUl keeping the actual investments in the private 
sector. They also have the political advantage of not requiring highly 
visible Federal expenditures in inflationary times. Boretsky, on the other 
hand, argues that past Federal Tax Incentive actions, in and of themselves, 
appear to have had no effect on increasing growth in investment (Boretsky, 
1980). 

Export Tax Incentives 

One form of taxation used in Japan and Western European countries is 
the manufacturing tax (or value added tax) imposed by the government on all 
manufactured goods. One means of government stimulation of export trade in 
these countries is through the reduction or elimination of this tax on 
exported goods. Since the Iftiited States does not have such a manufacturers 
tax, there is no direct parallel in provisions in this form of incentive. 
However, it would seem reasonable to include tax deductions or credits for 
export Industries as part of the provisions of the Corporate Tax Laws. 

The problem with enaction of measures of this nature is the same as 
that for specialized investment tax credits; justification of incentives for 
particular industries, or particular cypes of industrial activity, has been 
unsuccessful in the past. The general attitude of Congress toward stimulation 



210 



6-56 



Policy Analyses 
International Trade 



of export trade must, it seems, be modified if these incentives are to be 
passed. 



As an example of one presumed threat. Table 6-14 shows some of the 
foreign ownership of some leading U.S. semiconductor and computer firms, 
including one (PERTEC) in the personal computer industry. To a significant 
extent these takeovers can be traced to a lack of suitable domestic 
alternatives for acquiring the capital needed to sustain the industry's growth 
rate. 

As mentioned previously, one of the underlying reasons for the lack of 
domestic capital is the seemingly general aversion to risk taking on the part 
of major U.S. firms and venture capitalists (the Director of Contracts and 
Grants at the University of Southern California, for example, points out tlvj^/c 
he finds it much easier to negotiate grants for research support from JapaiKdse 
than from U.S. firms. The Japanese are much less concerned with issues oi 
patent rights, publication of research results, etc.) Although the Fsderal 
government cannot be expected to change basic attitudes of businessja-ac, a 
combination of risk redi«:tion by the various methods discussed here^ md 
limitation of foreign investment could produce the desired results ^ 

There is, of course, debate among economists as to whefchex: foreign 
investment shoixld be discouraged. As with most issues of this ty'f&y the 
question ultimately is one of degree; whether foreign interests are li^ible to 
exert sxifficient control over the activities of the firm, or ejstrsct an 
excessive amount of the benefits of the firm's activities, so as ;:o constitute 
an undesirable influence. 

All of these terms are quite vague and are the subject of considerable 
and continuous debate. The previous example of Japan can only be given as 
something to be considered. Traditionally the Japanese have strotigly 
discouraged foreign investment in their industries. The only fcwo computer 
companies which have had success in this regard have been IBM and Texas 
Instruments. However, restriction of foreign investment in U.S. firms 
without accompanying development of incentives for domestic investment would 
be self-defeating. Although the world pace of development would be slowed if 
American firms were not able to develop as fast as they have been, the world 
market's share attributable to U.S. firms would certainly decrease. In the 
meantime, as inflation continues to strengthen the emphasis on short. term 
return on investment, the prospects for foreign acquisition of U.S. firms in 
the personal computer and related industries will increase. 



As mentioned earlier, a major source of capital for Japanese and 
European technology intensive firms is through debt financing based on 
personal savings. At the end of 1979 the ratio of personal savings to 
disposable personal income in the United States was down to 3.2Z. Continuing 
inflation continues to erode even that low number. The ratio of personal 
savings to disposable income in Japan has also decreased recently but the 
decrease has been from a high of 23. 7Z in 1974 to about 21% in 1979; almost 7 
times higher than the rate of savings in the United States. Since household 
savings typically furnish about 1/3 of the total capital investment based for 
the United States this is a critical fact. Even though there is some question 
as to the strict comparability of these two res, because of differing 
definitions and economic structures, the fact remains that favored Japanese 
firms seem to have readier access to debt capital than do U.S. firms. 



Restrictions on Foreign Investment 



Encouragement of Personal Savings 




TABLE 

International Joint Ventures/Takeovers 
In Microelectronics and Computer Industries 



*E OF VENTURE 



NT VENTURE 
EOVER 
NT VENTURE 



EOVER 
EOVER 
riAL TAKEOVER 
OVER 



U.S. FIRM 



ANELVA 

FAIRCHILD 
GTE 



SIGNETICS 



ADVANCED MICRO DEVICES 



AMERICAN MICROSYSTEMS 



FOREIGN FIRM/ INTEREST 



VAR I AN/NIPPON 

SCHLUMBERGER ($30SH, I979) 
INSAC (Viewdata) 



U.S. Philips 
SIEMENS 



TRIUMPH-ADLER/ (VOLKSWAGEN, 
DIEHL DATA SYSTEMS) ($I17M. I979) 



ERIC 



6-58 



Policy Analyses 
International Trade 



Inflation seems to be the key to the declining U.S. savings. Expectations of 
prices rising faster than the interest rates on savings have caused many 
Americans to change their savings and spending habits in favor of consumption 
and to the detriment of savings. Clearly, control of inflation is a critical 
factor in increasing the rate of investment and savings. One incentive which 
has been quite successful in Japan is the set-aside from taxable income of the 
first $5,000 in savings or other investment interest, as compared with $200 in 
the U.S. If a similar measure were to be adopted in the United States, the 
savings income of most families would be exempt from income taxes, since few 
families have personal savings in excess of $50 thousand. 



Loan Support 

One of the primary means by which the Federal Government provides aid 
to business is through the support or granting of loans for business 
expansion i typically through such agencies as the Small Business 
Administration and Commerce's Economic Development Administration. In 
general, in these programs, the government is the lender of the last resort- 
firms are not eligible for direct Federal loans or for loan guarantees unless 
they have essentially exhausted all private sector alternatives. This, of 
course, is yet another example of Federal policy acting to ignore our 
strongest industries; that is, those who would be able to find private backing 
at some price, and protecting only our weakest and most failure-prone firms. 
If this government support were directed toward new, small, high-technology 
firms it could exert a quite positive influence, provided that the support 
were to be given in such a way as to maintain productivity. However, such is 
generally not the case. This is in contrast to the Japanese policy in which 
the government, although not in the practice of making direct loans, does have 
significant influence on the loan decisions of private banks. For example, 
the Japanese Ministry of International Trade and Industry moved early in 1980 
to support the leasing of industrial robots to small- and medium-sized 
companies. This move was made as part of the overall plan to maximize 
Japanese industrial productivity through automation (Business Week, 9 June, 
1 980 } . 



Procurement Policies 

Finally, there are a variety of means by which the Federal Government 
can influence the growth of an industry through its procurement policy. There 
are two categories of procurement policy coming under this heading. 

In the first, direct procurement , the Federal Government is the 
purchaser of the hardware and software. For example, if the General Services 
Administration and/ or one or more agencies in the Executive Branch were to 
decide that personal computers would be more cost-effective in Federal offices 
than existing large computer equipment, time sharing systems, etc., and 
substantial procurement of personal computers were to result, the consequences 
would be a major stimulation of the industry. The author's experience with 
the current technology of "office automation" in Federal offices is that the 
Federal Government is several years behind the more innovative private sector 
firms in this respect. This is partially a consequence of a series of 
regulations restricting the purchase and use of computers in government. On 
the other hand , since these regulations tend to concentrate on large computer 
systems, many individuals within Federal agencies have resorted to the 
purchase and use of personal computers for routine office functions through 
various clever avoidances of the computer procurement niles [Note: this 
statement derives from the author's conversations with members of various 
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rederal agencies]. An overt decision by Federal agencies to purchase personal 
computers, rather than the covert methods currently being used by individual 
Federal employees, would clearly accelerate the rate of development of the 
industry. *^ 

The second means by which the government could strongly influence the 
martet for personal computers would be through mandated procurement policies- 
I.e., those in which the Federal Government, although not the direct purchaser 
of personal computer hardware and software, would directly or indirectly 
require recipients of federal funds to purchase them. If defense contractors, 
for example, were required to demonstrate certain increases in the 
productivity of engineers, increases which might be achieved only through the 
widespread use of personal computers in the aerospace and defense industries, 
the effect on the personal computer industry would be substantial. Similarly, 
a requirement that the grantees of major educational grants were to use 
personal computers for administrative and/or instructional purposes as a 
condition for receiving grants, would have similar impact. In addition, a 

buy American" requirement for policies such as the above would further 
restrict the benefits of such procurement policies to U.S. manufacturers and 
software producers, although at the risk of possible retaliatory actions by 
other governments. 

The recent history of Federal procurement activities has shown that 
such policies are by no means universally popular. They would certainly be 
difficult to justify solely on the basis of guaranteeing the success of an 
emerging industry, as has been the case in Japan. However, if quantative 
research, as yet not performed, were to convincingly show that the use of 
personal computers in certain types of government operations, or in the 
educational system, etc., would have significant positive effects on net 
productivity, an argument for procurement policies of these sorts would likely 
be much more successful in Congress. 

5.1.3 Direct Research and Development Support 

There is already a considerable amount of support of basic research in 
semiconductor electronics by the Department of Defense, NASA, and the National 
Science Foundation. The Department of Defense is currently concentrating its 
/Tmefc?N°° development of very high speed large scale integrated circuits 
(.VHSLSi;. Although it is estimated that there may be ultimate utility for 
these developments in the commercial sector, their main application is in very 
fast, large computers - not personal computers. One of the areas in which 
Japan has developed technical superiority to the United States is in improved 
reliability in the manufacture of microelectronic circtiits and in the 
subsequent quality of the chips themselves. There does not appear to be 
extensive existing Federal support of research in this area. 

It is in the area of software that the United States is currently 
relatively unchallenged, particularly in the personal computer industry and in 
applications and operating system software generally. However, it appears 
that the development of compact programs* with high user interface 
"transparency" is vitally necessary to the continued development of the 
consumer computer industry. Problems of software availability for larger 
computer systems are already becoming significant, even for major corporations 
such as IBM. There is no reason to believe that these difficulties will be 
relatively less for the personal computer industry except in the short run. 

As ^ example, one technological breakthrough which would greatly 
accelerate the rate of diffusion of personal computer technology would be 
development of compact voice encoding (as distinguished from voice 
synthesizer) software. In the ability to speak to one's computer rather than 
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type messages co it the Japanese (among others) are rumored to be close to 
development of an effective software capability. Since this capability could 
have significant impact on Federal operations, as well as on the private 
sector, it should be in the best interests of the government and industry if 
the Federal government were to support basic research in this area. The 
broader issue of the Impending software bottleneck is touched upon in Section 
5.1.4 

These samples of R and D support needs are by no means restricted to 
personal computers. As with most of the other technologies discussed in this 
report, personal computers are often simply recipients of technological 
advances which may originally have been made for other industries , even though 
certain technological advances, such as voice encoding, may have far greater^ 
impact on the personal computer industry than on other elements of the 
computer industry. 

A recommendation of growing popularity in connection with the 
President's drive to improve U.S. technological productivity and the rate of 
technological innovation has been the creation of generic technology centers. 
However, as these centers are presently conceived, at least in programs 
supported by the National Science Foundation, they tend to concentrate on 
basic rather than applied research. After ocamining the international 
situation for a while, one cannot help questioning our apparent general lack 
of Federal concern for applications of the vast amount of basic research we 
have already performed; applications which are steadily being developed by 
other countries such as Japan through the use of U.S. -produced basic research. 
In effect, in the view of many critics, the United States appears to have a de 
facto policy of concentrating on basic research, while allowing other 
countries to exploit it to our detriment. In this regard, it is important 
that at some least generic industrial technology centers (generally conceived 
as involving university /non-profit institution/ industry joint efforts) would 
concentrate on the development of applied technologies with relatively 
near-term production possibilities. This does not appear to be the present 
Federal trend. Federal agencies insist that applied research is a job for 
industry* Industry complains that it cannot afford the risks of applied 
research. In the meantime, some other country does it. 

5. 1.4 Training Support 

As with the previously discussed modes of Federal influence in the 
development of the personal computer market , there are a variety of means by 
which the government can directly influence market growth. One of these is 
through government supported training (as contrasted with educational support 
discussed elsewhere). First , the Federal Government can train large numbers 
of military and civillian personnel both as users/operators and as maintenance 
personnel of personal computers. These decisions should accompany procurement 
policy decisions mentioned previously. The consequence would be a direct 
increase in the public sector of the base of trained computer use^rs and 
technicians as well as a related increase in the private sector. The private 
sector increase would come about as a consequence of entry of trained military 
personnel into civilian life, secondary purchases of personal computers by 
Federal employees first exposed to them in the office environment, etc. In 
fact, because of the likely critical near term shortage of qualified computer 
maintenance personnel, the Federal Government could be a major source of such 
training, again provided that training programs were develdoped in consort 
with a procurement policy. 

Furthermore, existing job training programs supported by the 
Department of Labor might be reoriented to emphasize training for jobs in 
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emerging, rather than dying industries. For a further discussion of this see 
Chapter 5. 

Because of the rapid growth of the computer industry in general, and 
of the .personal computer industry in particular, there will be enormous 
demands for highly trained skilled personnel for the development of computer 
hardware and particularly software and of the microelectronics fundamental to 
their development. As an example of the requirements. Figure 6-10 shows the 
projected increase in demand for design engineers as a consequence of the 
continued growth of the microelectronics industry. Specifically, the figure 
points out that^ if the microelectronics industry is to grow in accordance 
with Moore's law*- as it has for the past decade and a half, then the industry 
will need several hundred thousand design engineers by 1900 if engineering 
productivity is not somehow considerably increased. The figure also shows the 
current rate of production of "computer specialists" in the liiited States 
labor force. These data include all persons having to do with the design, 
maintenance, and/ or operation of computers, not just computer design 
engineers. The figure show that, if engineering productivity remains' 
constant, then the demand for computer design engineers will outstrip the 
total supply of computer specialists in the United States in the early 90 's. 
If this were to occur and the Industry were to continue to grow it is obvious 
that the supply of design engineers would have to come from another country, 
such as Japan. The alternatives include: 

1. An increased level of research and development directed toward 
increasing computer engineering productivity, such as the development 
of improved com|xiter aided design (CAD) techniques. 

2. A substantial Increase in moral and/ or financial support for students 
in computer applications and software engineering (required in a 
fairly short time if such a program is to be successful). 

3. Acceleration of -brain drain" hiring of foreign trained computer 
specialists by U.S. finas. 

4. Dd nothing and allow the primary source of innovations in computer 
technology to shift to other countries, probably Japan and Western 
Europe. 

Finally, through the Snail Business Administration and various 
Department of Defense programs, the Federal Government could aid in the 
training of personnel in the private sector. As is the case with procurement 
policies, such training support could be either direct, through job training 
programs previously mentioned, or indirect through mandated requirements for 
personnel trained in the use of personal computers as part- of government 
contracts and grants. Such training requirements need not be restricted to 
the technological applications. In fact, the economic leverage of personal 
computers may be much greater, ia the short term, in their use in aiding 
management decisions, particularly in small businesses. Federal support of 
training programs in this area would likely have fairly high leverage. 

5.1.5 Jorldlclal Barriers and Incentives 

There are two areas in which Federal courts and the Department of 
Justice are said to have had, and will continue to have, significant influence 
on the rate of development of U.S. computer and other technologies. These are 
the treatment of patents and copyrights, and the enforcement of antitrust 
laws. The former set of issues relates to prior precedents and 
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interpretations of copyright and patent laws with respect to computers, 
microelectronics, and software. The second area relates to interpretation of 
the conditions under which the companies may combine to pool their development 
capabilities. 

As discussed earlier, a major barrier to the more rapid development of 
quality computer software for mass distribution is said to have been an almost 
complete lack of legal protection of the software as intellectual property of 
its developers. A series of court decisions have essentially made it 
impossible to protect ordinary applications software that is embodied on 
materials such as magnetic discs and tapes. 

A recent Federal court decision has extended that lack of protection 
to software embodied on BOMs, the most favored means of physical, protection of 
the software. Similar uncertainties attend future protection of the layout of 
microelectronic chips under existing UeS. copyright Laws. CONTU 
recommendations for revision of ITiS. copyright laws would substantially 
alleviate some of these problems, but as yet, such provisions have not been 
incorporated in the copyright Laws. Mor have Federal Courts been presided 
over by justices with adequate background in technology. Widespread training 
in computer technology of judges likely to be involved in patent and copyright 
cases would further enhance the stability of this aspect of the 
high-technology market. The most favored argument for these decisions seems 
to be that, since the software isn't copied in a form Immediately readable by 
humans and is not otherwise covered by the copyright laws - as are phonograph 
recordings, it is not copyright. Similar uncertainties attend future 
protection of the layout of microelectronic chips under existing U.S. 
copyright and patent laws. 

One of the major characteristics of Japanese industry is a high 
degree of cooperativeness between major firms in a particular industrial 
sector. Although these firms may compete vigorously for specific product 
areas, they also communicate and interact with each other extensively m the 
development of long-term plans. "The foreigner is struck with the paradox of 
extraordinarily competitive relations among firms in a single sector whose 
leaders nonetheless genuinely enjoy each other's company when working with the 
sector as a whole. Sector association leaders at times fight almost as 
arduously and effectively in the interest of the sector as a whole as the 
individual company leaders tight for the good of their own businesses. 
Indeed, they cannot understand how Americans can keep their individual 
companies abreast of modem developments without the kind of cooperation that 
American antitrust practice forbids." (Vogel, 1968). 

As Vogel points out, such cooperation, which has been instrumental in 
the rapid development of Japanese international competition in 
microelectronics and computers, is expressly forbidden in the United States. 
Antitrust Laws written around the turn of the century to overcome unfair 
competitive practices of major corporations may, in this context at least, 
have outlived their usefulness. If it is true, as the evidence we have 
gathered thus far suggests, that the United States is approaching an era of a 
serious dearth of innovative talent, then it would appear to be an equally 
serious error to require potential continued wasteful duplication of effort 
among competing firms, or force U.S. -based firms to engage in joint research 
with firms from other countries, than to allow at least some level of 
intercorporate communication in order to help prod we a more orderly 
development of the market. In some respects this problem is alleviated in the 
microelectronics industry by the high rate of flow of engineers, scientists, 
and technicians among competing firms. This amounts to an indirect form of 
intercorporate communication, if involuntary; a form which is not proscribed 
under antitrust laws. 
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5. 1. 6*- Inforaatlon Dlsseainatloa 

The Federal Government may be the largest single publisher in the 
world. Its publication activities cover almost every aspect of contempory 
life (see Technology Assessment of Government Publishing, National Science 
Foundation) • 

Through the Government Printing Office, almost all Federal Agencies, produce 
written documents to aid and inform a variety of individuals. 
Federal information dissemination activities can help increase the U. S. 
position vis-a-vis international trade by a variety of means including the 
following : 

1. Increasing the efficiency of R & D in the microcomputer industry via 
NTIS, MSk Industrial Applications Centers, and related activities 

2. Development of information packages for small businesses explaining 
applications., drawbacks, selection criteria, etc., for personal 
computers 

3. Dissemination of information concerning consumer uses of personal 
computers such as automated assistance in preparation of tax forms, 
health care information programs, etc., as well as information 
standards for consumer protection 

5. 1.7 Summary 

In summary, there are a number of broad support alternatives commonly * 
employed by other countries which have acted to rapidly increase their 
technological capability relative to that of the United States. In general, 
not only has the U.S. government failed to adopt many of these policies but it 
has specifically rejected many of them as being contrary to the de facto 
national policy of arms-length dealings between government and industry. It 
is not at all clear that the U.S. government can maintain this philosophy, if 
the Ifclted States is to maintain its technological leadership. 

5.2 Trade Policy 

In addition to the set of policy options related to the basic health 
of the personal computer and related industries, there are a set of issues and 
options dealing specifically with the process of international trade. These 
include : 

1. The extent to which the United States should engage generally in, and 
act to enforce, free versus restricted international trade and 
intergovernmental cooperation; 

2. The extent to v^ch the Federal government should supply gtrldance and 
support to producers and distributors for increasing their export 
consciousness and their level of export activities; 

3. The extent to which personal computers should be considered strategic 
goods; 

4. The extent to which the U.S. should encourage or restrict foreign 
manufacturing of personal computers for U.S companies or by U.S. 
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companies ; 

5, The extent to which the U.S. should encourage or limit foreign 
production of software for U.S. companies or by U.S. companies; and 

6. The extent to i3hich the Uiaited States should encourage or restrict the 
exportation of U.S. services, •*know-how,- "brain drain.- 

Under the newly restructured Federal organization for international 
trade, most of the direct trade issues fall under the aegis of the U.S. Trade 
Representative and the Department of Commerce. 

5.2.1. Free Trade Policies 

As demonstrated earlier, the United States' philosophy has gradually 
changed over the past two hundred years from one encouraging highly 
restrictive trade to one encouraging free trade, particularly regarding the 
imposition of tariffs. Contemporary economic thinking applauds this attitude. 
The primary contemporary concern regarding free trade is that of insuring that 
all trading partners of the OolCiSd States have an equal lack of barriers to 
free trade. The newly reorgani...^d Federal international trade activity has as 
one of its major goals the enforcement of free trade agreements - as described 
earlier. From the narrow point of view of trade in personal computers, this 
is greatly to be desired, since it is clear that at present ' there is very 
little to hinder U.S. domi n a nc e of the market except artificial trade 
barriers . 

5.2.2. Federal Sapport of a#S* Export Activities 

A variety of activities of the USTR and the Department of Commerce 
come under this heading, under the newly implemented trade reorganization. 
First, the USTR is chartered to -take steps- to correct national policy so as 
to reduce impediments to exports and increase the effectiveness of exportation 
and of export opportunities. However, as mentioned earlier, it appears that 
the USTR is in the position of a non-cabinet level officer bargaining with 
cabinet members (Coomierce, State, Treasury, Defense, and Justice). Although 
it would appear that - all other things being equal - the USTR is likely to 
have consequentially increased leverage in his/her negotiations, it is also 
clear that the intent of both the President and the enabling legislation is to 
have a materially Increased emphasis on exploiting export opportunities. 

From the direct economic point of view, the USTR is now a member of 
the board of the Export/Import iBank and a member of the National Advisory 
Committee on International Monetary and Financial Policies. The USTR will 
also become a voting member of the board of directors and vice chairman of the 
Overseas Private Investment Corporation. Negotiations during the development 
of the reorganization plan emphasize the mutual commitment of the director of 
the International Development Cooperation Agency, the USTR, and the director 
of CMB toward export expansion. However, the Senate report on the 
reorganization is heavily sprinkled with "help insure" statements in its 
description of the new roles of the USTR. The -help- modifier clearly means 
that the USTR will have far liess than dictatorial powers over the activities 
of these agencies, a further Indication that the dominant mode of the USTR 
will be that of Allison's bureaucratic politics. 
(Allison, 1971) 

One of the primary means of export promotion put forth by the 
reorganization plan involves the transfer of some 750 individuals to the 
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Commerce Department whose primary function will be the provision of business 
services abroad. 

This transfer Involves 160 commercial attaches in over 60 countries. The 
purpose of the transfer is both organizational and psychological. The 
supporters of the reorganization maintain that these positions, which were 
formerly under the State Department, have been considered relatively 
unprestlgious. Consequently, one could expect that exceptionally qualified 
and ambitious bureaucrats would avoid them as barriers to their advancement, 
pie move to the Commerce Department, with its emphasis on development of trade 
'"shoiUd lead to the development of an Integrated and prestigous commercial 
corps encompassing domestic and foreign business sexcvices. If this transfer 
is accompanied by a corresponding shift in attitudes of the personnel 
Involved, it can in fact lead to a significant increase in support services 
available to US firms wishing to export. This is still a far cry from the 
Japanese practice in which the elite bureaucrats of Mill are given intensive 
training and foreign assignments in order to develop long-standing 
relationships with businesses in other countries. As in the other areas of 
the reorganization, this Is definitely a positive step toward countering 
competition from other developed countries, despite any present shortcomings 
it may have. 

Since the personal computer Industry presently consists largely of 
small manufacturing firms and small software houses, few of which can be 
expected to have much sophistication in international trade affairs, each of 
these recent changes in US trade policy and organization should have positive 
effects on the development of the industry. However, because it is equally 
probable that Japanese and, to a lesser extent, European efforts to gain a 
greater market share in this industry will continue and even accelerate, it is 
also clear that the effectiveness of these policies must be frequently 
reviewed and re-exiamined . 

The question as to what constitutes "support" is also important in 
this context. As long as the industry is healthily growing and maintaining an 
appropriate share of the world market in personal computers, support most 
probably should consist of providing information to potential exporters which 
would allow their export efforts to be more efficient or toward formulating 
policies and practices which would tend to smooth the processing of export 
licenses, thereby minimizing the requirement for additional overhead costs to 
the manufacturers in coping with government regulations. This can be 
partlciilarly Important at the consumer computer level where the world market 
might be more volatile and '"faddish" than would be the business and 
educational markets. 

5.2.3 Personal Computers as a Strategic Good 

Mainframe and minicomputers are high on the list of strategic goods. 
A number of regulations severely^ limits the extent to which computers may be 
exported directly to Communist bloc countries. The same or related 
regulations also limit re-export of computers, although it is not clear that 
these regulations are particularly effective. ("Re-export" refers to che 
process of ultimate shipment of computers and/ or computer parts to Communist 
bloc countries through one or a series of middlemen.) 

Personal computers have some interesting properties which may merit 
consideration of their status as strategic goods.. First, because they are, or 
soon will be, suitable for performing a large portion of militarily useful 
routine computations, they can serve as the medium for rapidly upgrading the 
comi^tatlonal capability of military units in Communist bloc (or any other) 
countries. Second, because they are physically small and generally portable. 
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as well as relatively low in cost, the destruction of a few personal computers 
in the event of an enemy attack is less likely to severely impair the 
operations of a military unit than would the destruction of a larger computer 
upon which the unit might be dependent. Therefore, personal computers may be 
an important means of "hardening** against attack by virtue of their dispersion 
of otherwise centralized computing po««r. Third, because of the large numbers 
of personal computers likely to be in circulation over the next decade, it 
would appear to be extremely difficult in practice to limit their flow to 
western, non-Coamunist bloc nations. As was mentioned earlier, personal 
computers are already being shipped to at least one Coomunist country, the 
People *s Republic of China. 

Another scenario worth considering, one which was not included in our 
Delphi studies, concerns the potential of network-interconnected personal 
computers for the enhancement of personal freedom through their ability to 
assist in the formation and operation of ad hoc political networks. Because 
of its independence of geographical constraints, this concept could be a tool 
counter to totalitarian governments. However, it is difficult to see how this 
scenario could realistically be developed in the near future in any of the 
major Communist bloc or other countries with repressive governments. It 
appears to be much more likely that personal computers going to these 
countries would be absorbed by the military and scientific establishments and 
other "safe** government agencies with possession or use by ordinary citizens 
strictly prohibited. 

5«2.4« Foreign Barriers to PC Exports 

As a consequence of GATT and bi- and multinational trade 
negotiations, tariff barriers are less frequently used by other countries to 
stem undesired imports (countervailing duties). Under the provisions of the 
trade reorganization, administration of our fair trade laws and detection of 
unfair trade practices on the part of other countries has been transferred 
from Treasury to the Commerce Department. In addition to transferring 
existing positions from Treasury to Commerce, the reorganization provides one 
and a half times as many new positions for this purpose. It appears from past 
experience that non-tariff barriers (NTBs) , such as import quotas and many 
other less obvious restrictions, constitute by far the more significant 
deterrent to U.S. exports. This was a major factor in the domination of the 
television Industry by the Japanese, as reported earlier. Probably one of the 
major reasons for the shift from tariff to non-tariff barriers on the part of 
many countries is simply that non-tariff barriers are more difficult to detect 
since many of them need not be promulgated as official government policy but 
rather as "hints" to major importing concerns. Because of the great 
similarity, in many respects, of the personal computer industry to the 
consumer television industry, it is Important that the existence of NTBs in 
major target countries be carefully monitored. It Is of equal, and perhaps 
greater, importance that the reaction time of Federal agencies in developing 
countermeasures to these barriers be substantially reduced. It is completely 
unacceptable , in an area where annual market growth rates may be as high as 
30Z or 40Z over extended periods of time, that government reactions to unfair 
trade practices take years. 

Therefore, if national policy is to promote the development of personal 
computer exports, it is imperative that practices be developed for the 
effective reduction of any such barriers. 
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5. 2.5. U.S. Barriers to Foreign laports 

Most foreign trade policy actions over the past decade, and the 
majority of statements made by leading economists on the subject of 
international trade discuss the development of free trade rather than U.S. 
protectionism. There appears to be no constituency in either the U.S. 
electronics, semiconductor, or petsonal computer industries toward the 
imposition of tariffs or non-tariff barriers against the importation of 
products in these industries manufactured in other countries. Our research 
team finds no reason to further consider policies which would act to develop 
or increase such barriers. 

5. 2. 6 Offshore Production by U.S* Firms 

A number of U.S. firms, particularly those in the semiconductor 
industry, have established manufacturing and/ or assembly facilities in other 
countries, primarily in Asia, Mexico, and South America. The primary 
motivations for such moves were the decreased labor costs in those regions 
relative to the U.S. Other motivations may include a reduction in 
transportation costs where there are local markets for the finished products, 
or foreign government requirements that the products must be manufactured in 
their country if they are to be sold to the government or its citizens. 

In recent years the labor costs in many of these countries have 
increased to the point where they are less important incentives for offshore 
production by U.S. firms. In fact, Noyce states that Intel has reduced the 
proportion of its foreign employees in recent years. Hence the attraction of 
offshore production as a means of Increasing the size of the market in other 
countries has become the greater attraction. This may well be the case for 
firms in the personal computer industry in the future as they attempt to 
increase or maintain their share of the world market. 

The primary Federal concerns with the development of offshore 
production are whether jobs, which might otherwise go to U.S. citizens, are 
being exported, and whether critical manufacturing know-how is being 
transferred to other countries as a consequence of this production. The 
alternative issue is whether U.S. firms would lose some of their share in the 
world or domestic markets if they were not to engage in offshore production. 
In general, it appears that offshore production by U.S. firms in the personal 
compwter industry shoiUd be encouraged as long as the danger of undue 
technology transfer to the recipient country is minimized. There are a 
variety of existing tax incentives related to offshore production and/or the 
development of offshore sales corporations (Domestic International Sales 
Corporations - DISCs). tfo further incentives appear to be necessary at this 
point . 

5. 2. 7 International Technology Transfer 

As was frequently noted earlier, one important factor in the 
development of personal computer technology in the United States is that of 
maintenance of technological superiority, as embodied in the products of 
industry. Adherence to this principal would require that the transfer of U.S. 
developed technology to other countries be carefully monitored to ensure that 
the technology is not being sold at a price which ignores the long-term 
effects of such sales. 

Again the issue of free trade arises. A major criticism of the 
actions of U.S. industry in reciant years has been that it has failed to take 
advantage of native inventions, preferring to concentrate on incremental 
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product improvements than on development of new products. The inventions have 
then been licensed to foreign producers, subsequently appearing in the U.S. 
market. 

The protectionist view of this situation would require that the 
transfer of U.S. -developed technology to other countries be stopped or, at 
least, carefully monitored and rationed to ensure that U.S. industry is 
protected. 

They argue that presently U.S. technology is being sold at a prices which do 
not taka into account the externalities such as the long term negative effects 
of such sales on decreasingly competitive U.S. industry. 

^ provision appears to act to encourage the rate at which 
U.S. technology is transferred to other countries. Specifically, the United 
States and the Philippines are the only countries which tax the personal 
income of their citizens earned abroad. The presumed effect of this on U.S. 
citizens with technological expertise -is twofold: 1) a the expert living 
abroad would be motivated to seek employment with a non-U.S. firm since the 
likelihood would be high that the foreign eaployer would not report the income 
to the U.S. government; 2) U.S. technology intensive firms operating abroad 
would tend to discourage hiring of H*S. citizens in order to avoid the extra 
paperwork of reporting income to the U.S. government. In either case the 
result is that the technological expertise embodied in the U.S. citizen or 
firm is transferred more rapidly to potential foreign competitors. There are 
existing Federal restrictions on the transfer of technological information to 
foreign countries regarding the results of research and development programs 
supported by Federal funds. It does not appear that in practice these 
restrictions have been particularly effective in slowing the flow of 
information to the countries most likely to be serious competitors to the 
United States. 

In general, contemporary economic theory favors free trade in ideas 
as well as goods and services. As with manufactured goods, however, the issue 
is whether free trade actually exists. In practice, for example, U.S. firms 
have adopted a free trade policy in providing technological information to 
Japanese firms. Japanese firms have not reciprocated these acts. The 
consequence is that the technology transfer has been unUateral, even in cases 
where other countries have had technologies of equal or superior quality to 
our own. Thus, the considerations mentioned In Section 5.2.4 are of equal, 
and possibly even greater importance as they relate to technology transfer. 

One important characteristic of personal computers should be mentioned 
in terms of U.S. policy for aiding developing countries. Specifically, 
personal computers may be a much more appropriate technology than larger 
comixiters for the introduction of organizational methods and other "software 
technologies"* to these countries. For example, recent purchases of personal 
compiters by the People's Republic of China appeared to be in response to the 
reqxiirement for the acquisition for relatively loi^-cost means for providing 
computer training to a large segment of the population (courses in programming 
languages are given prime time positions on government TV systems, according 
to media sources). As the powerful, low cost information tool, the personal 
computer may be a more important technological innovation in developing 
countries than in the developed countries. 

5«2.8 Support to Import- Injured Industries 

Aside from the issue of suppport of domestic industry, US foreign 
trade policy to date has tended to be reactive rather than anticipatory in 
nature. By far the largest amount of Federal economic support relating to 
foreign trade has been the Trade Adjustment program in which the government, 
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through the Departments of Conunerce and Labor, acts to provide economic 
assistance to firms or labor unions which have already been injured by import 
competition. The rules of the Trade Adjustment Program require that the firm 
or union must have experienced absolute reductions in business or membership 
as a consequence of Import competition; significant reductions in market 
share, unless accompanied by absolute reductions in income, for example, are 
not sufficient cause Cvir Federal assistance. In practice, an import-injured 
firm must be close to bankruptcy before Federal assistance is warranted. This 
is in great contrast to Japanese practice where industries and firms which are 
not perceived by the government to have competitive promise are carefully 
weeded out and gently disbanded or absorbed into larger, more productive 
organizations. 

6 Oynaaics of Technological Development 

The primary factors in the future development of the economic position 
of the U.S. relative to the rest of the world are as follows. We can expect 
U.S. agricultural production to count as a major contributor to our positive 
balance of payments. This contribution may maintain an essentially constant 
value, when adjustments are made for current (future) economic conditions. 
The focus of this wok, however, is on the general trends in R & D intensive 
products in general and on products related to personal computers in 
particular. .As has been seen, U.S. -produced R&D intensive goods were a 
major part of our international balance of trade until the mid-1970 's. Since 
that point, we have developed an increasingy negative balance of merchandise 
trade with West Germany and Japan. Our balance of merchandise trade has been 
about constant with developing nations since the mid-70 's, even though those 
nations are presumably increasing total expenditures on technology intensive 
products ► We conclude that the United States is achieving a decreasing market 
share for technology intensive goods in much of the world and that we are a 
net importer of technology intensive goods from West Germany and Japan. 

The National Science Board points out that the United States is still 
a major world leader in the production of scientific papers, articles, and 
p.^ tents. That is, we are still the leading country in the exportation of 
technological knowledge. We have a positive balance of trade with all 
countries in technology transfer. Unfortunately, as the economic data seem to 
indicate, the primary economic gain comes from manufacture and sale of 
finished products, not from the knowledge of how to produce same. Although 
knowledge is a necessary condition for production of manufactured goods, it is 
by no means sufficient. Current systems of exchange, as practiced in the 
U.S., might be said to undervalue the know-how and overvalue of the finished 
goods. That, however, is SEiall consolation to those who are watching our 
reddening international bank balance. Our positive balance of transferral 
technology is insufficient to offset the reclining negative balance in 
high-technology manufactured goods. 

Even in the area of production of new knowledge, the United States is 
destined for a subsidiary role, if present trends continue. If we can assume 
that R&D productivity per dollar invested is relatively constant around the 
world (and it is by no means clear that R&D productivity is correctly as 
high as that of other developed countries) then the United States should 
expect to be in second or third place internationally by the turn of the 
century. This is a direct consequence of the fact that the non-defense 
investment in research and development in the United States is lagging behind 
that of its other principal competitors, particularly Japan and Germany. In 
1975, according to the NBS (Science Indicators, 1978, p. 149) United States 
business enterprises spent $15.6 billion on R & D,West Germany spent 11.4 
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billion Marks, and Japan spent 1.652 trillion Yen in 

business-enterprise-supportad research and development. That is, business 
expenditures for R & D in France, Japan, and West Germany in 1975 were above 
$5.5 billion in each country. Per capita R&D expenditures in 1975 by 
business enterprises were $74 in France; $51 in Japan; $34 in the United 
Kingdom; $73 in the U.S.; and $76 in West Germany. These figures do not 
include any Influence on business spending of govemment-supported R&D; 
hoMsver, in Japan, there is very little government supported R&D (about $.90 
per capita), while in West Germany and France government R&D spending is 
from one-half to two thirds that of the private sector (in the United States 
it is slightly more than one-half). Total expenditures by West Germany, the 
UK, Japan, and France in 1975 were $18.8 billion, as compared with $15.6 
cfti «° United States. For business-supported" R & D or an average of 

$57.65 per capita for those four countries as compared with the $76.04 per 
capita in the United States. (AU data from Table 1-8 of Science Indicators 
and various tables in the 1979 Statistical Abstract). In short, spending 
about 902 as much per capita on business oriented R & D in 1975 as was the 
United States. Since then, R&D expenditures in these countries seem to have 
been on a continual increase vtiile that of the toited States has been 
decreasing in constant dollar terms. Consequently, one could reasonably 
expect that in 1980 (or in the early 80 's) the developed countries will have 
reached parity In business supported R&D. Furthermore, if these trends 
continue without alteration, we would expect the ftiited States to shortly be 
in a secondary position relative to these other countries. 

A further point should be made, one not covered by the available 
statistics. That is the contention that, within the United States, a fairly 
high fraction of what is called R & D in the aforementioned statistics is in 
fact product improvement rather than development of entirely new products. 
This is less the case in Japan and Western Europe, as is evidenced by the 
continued and increasing flow of innovative new products arriving in the 
United States from these countries. If this contention, is true, then we might 
expect an even greater rate of erosion of the U.S. technological position with 
respect to the developed countries. [One might argue that this erosion rate 
would be slightly mitigated by the supposition that there must certainly be 
some duplication of effort in R & D activities among Japan and the Western 
European nations *ich might be higher than similar di^lication among U.S. 
firms. Howver, this Is a tenuous argument at best, since the competitive 
pressures of the marketplace would tend to minimiae a continued large scale 
duplication over the long run. The correct status of the video-disc market, 
with several competing technologies from the U.S., Japan, France and the 
Netherlands demonstrates that the duplication exists. Slmllarily di^Jlication 
will also exist in the personal computer market. 

There is a further set of claims from Industry that as much as 50Z of 
the U.S. R&D dollar is spent on satisfying government reporting and 
environmental regulations (Source: Derek Till of Arthur D. Uttle as quoted 
in Electronics 1/17/80 p. 85). This figure presumably includes tha amount of 
R&D wnich is spent on new technology directed solely to environmental 
quality applications; technology which is not necessarily exportable. The 
only regulatory constraints on personal computers relate to their use in data 
coBamications networks and their production of RF Interference. Such 
problems as may exist acem solvable without a substantial R&D investment. 

One of the primary difficulties in evaluating potential public policy 
options is that any options considered may be critically time dependent 
because of the extreme dyaait Ism of personal computer and related technologies. 
It is Important that the policy analyst consider the joint and sequential 
effects of 1) the rate of technological change, 2) the development of 
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societal impacts of the use of the technology, 3) the realization that an 
impact has occurred, 4) the translation of that realization into explicit 
policy decisions, 5) and the implementation of those decisions. If all of 
these are carried out in sequence, as is generally the case in U.S. 
government operations, then there may be a fairly significant chance that the 
policy actions viill be taken only after the issue giving rise to them has 
ceased to become an issue, having been overtaken by events. 

For example, in previous paragraphs it was argued that there is a 
distinct possibility that the United States will not produce sufficient 
engineering manpower to cope with the demand for microcomputer designers by 
the early 1990 »s. If the Federal Government were to directly support or 
successfully encourage programs for the accelerated training of such designers 
within the next two to three years, it is conceivable that the particular 
manpower crisis could be considerably reduced or averted. If, on the other 
hand, the government were to wait until definite proof was available that such 
a crisis indeed existed then it would not officially recognize the fact of 
such a crisis until from two to four years after its actuality, say in the mid 
1990 *s. If an additional year were to be spent drafting appropriate 
legislation and if that legislation were to pass on the first try (an unlikely 
possibility) then the accelerated production of duly graduated computer 
experts would not reach full strength until sometime after the turn of the 
century. In the meantime, presumably, the production of suitably trained 
engineers by countries such as Japan, as a consequence of their current 
long-range plans in this area, would have been instrumental in the transfer of 
.the innovative initiative to those countries. The United States might then 
find itself in a position of exporting its trained staff to other countries to 
rind suitable jobs. 

Unfortunately, we are, at this point, unable to assign quantative 
values to these speculations. Our experience leads us to believe that they 
are distinct possibilities but there are as yet no reliable data concerning 
actual demand and supply of existing scientific and technically trained 
perr-onnel, to the level of detail required to make such predictions. One 
thing is clear, however: the typical generation cycle in the microelectronics 
industry is about 10 years and decreasing. The delay between development of a 
new technological capability and its widespread Impact in use is about three 
years at most, since even moderately sophisticated users of microcomputers 
tend to anticipate future developments after a relatively short period of 
experience. The typical obsolesence periods for microcomputer equipment in 
nonconsumer use are about three years. Hence one could say that, in a period 
of from six to 10 years the entire microelectronics manufacturer and xiser 
complex could be transformed, with new or different combinations of 
manufacturers, replacing the original set. Hence, a legislative process 
taking 10 to 20 years to react to the perceived impact of the new technology 
could well be a generation behind by the time a legislative "fix" could be 
agreed upon. 

7 Sufflaary 

There is no evidence at present that the personal computer industry 
is even close to being one which is liable to be adversely affected by 
competition from otr countries. On the other hand, past experience with 
other, once healthy industries in the United States gives us no assurance that 
the personal computer industry will b^ inmiune to such competition for any 
great length of time. Therefore, it is the opinion of the author that the 
Congress, the USTR, the Departments of Commerce, Justice, and Treasury (in 
particular the IRS), the National Science Foundation, and the Small Business 
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Administration, among others, actively consider the development of a coherent 
body of national policy which would include some of the aspects of Federal 
support of major industries while avoiding some of the errors which generally 
fall under the label of collusion between government and industry or which are 
not consonant with our societal structure. 
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iPPQSDIX A: 
DELPHI QUESTIOHHAZBES 



THE FOLLOWING PAGES BEPRODUCE THE ROOND II DELPHI QUESTIONNAIRES AS 

SENT TO THE PANELISTS, THEY DO NOT INCLDDE ALL RESPONSES BY THE PANELISTS 

Summaries of these responses are given in Chapter 3 
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EVESrr. 1« A national retailor eaters the PC market* 
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I. WCXCIQIBKirSS IS TBS MAItKSTELACS 

Evonts I«2#3#4 and 6 dnit with thm possibla entry of various 
participants into tha niarkatpLacs. In general there was good 
agroeaent that these entries vould occur early in the cycl^ 
githar by the end of 1980 or in the 31«84 period. Ihere vot^ less 
agreenmt on vtiether or %ihen a GS^^liJce craza fiar hone conputer 
entertaina«it would occur. Off 33 panelists uho estimatei latest 
oocurrenoe, 12 indicated it might never l)appsnm 

Since the first questionnaire was issuid, the dbUouing 7m% 

^AMMMl^ndl* p — ---^ 

1. Sears is seUii^ ABVRZ oaqpiters. Because of Smts' 
historical consesvatiss in introduction of new lines, 
this probably represents a long-term, ooonitsiflnt, 
although the exact form of their marketing effiarts may 
dias^e. 

2. Xirox has been .added to the list of noo-inainfcane 
manufacturers who may enter the marlcat. Such entry 
could, incidentally, be either with their cum brand name 
or throiqh acquisition of an existing manufacturer. 

3. aawIett«F&e]azd has introdhxal their BP-eS 
Ftofeasiooal Personal Oanputer which, with Ilsxas 
Sastnsmts* TI 99/4, fulfills the cordltion that two 
major ca l cu la t or manufacturers enter the market. Ihe 
BP-41S progxaRind3le hand c al cu l3 t or-a M ->ia: J jxter is 
almost a personal oos^ter by our definition^ but is too 
restricted in applicatim. 

II. SECfORK inpcbmahoex sesvzcss 

Ihe agreonent on nets^ork infisrmation services questions was 
mucfli less than on market questions. Ih particular, there were . 
sizable gzo^a v*io beliwed that neither polllTrj nor rsfision of 
the 1934 CanmnicatiohtfTtet would ever occur. 

m considering netuork services, reeogniae that there are 
at leas^ two firms currently offering ssrvices directed 

to the personal conputer user — MU'W NbT (Catopaserve, 2hc.) and 
Tim Sswce (Tele cautj n t i nj Cbrporation of Aaerica) . For purposes 
of EVSSns 8 and 9, do not parxsider these seJcviees to be events 
that satisfy the criterion sinoa it is not clear at this time. 
\4iflther tHey are viable over the long-term. There are other 
indications of net»rk service activity, including experiments by 
AS&T and trials, using a GTS-^wned PDP«11 coR^ter in l^impa, of 
the Vievfiata system. 

ni. TTg=anLOGy 

The purpose of the technology questions was to obtain a 
baseline check against the analysis which U5C perfocmed durir^ the 
first phase of the project. He sel'ected three de/elopnmts: one 
in c a:ip uter ardiitecture, one in peripherals and one in oancagb of 
design. 

Tb help you in the second round, the following are more 
detailed descriptions of these developnents. Qsvelopoent of a 22^ 
bit address register for personal oonputers in»lies that low-cost 
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aain aror y xa availabla to tha canputar. Thm flocthar imollcation 

a^. probably using IS, 24, or 32-bife niflrppTOyaDMTS 

PM«bl« Ssc la«at systcss. Ebroaost acm^ these application 
arw* vould be high quality, dynanic, ooJor araohica. 

iBrtweJon ptogrwa. qMstian osacecaizi? caneceialiattion 

« a jyc aat fl at aerMa dasla with the iasua o£ pKWldlm very 
«w-J0Jt awwner oofuters — at the $250 level or leas. 
2125^ "^Lj^ EiPtek-^ psraonal e«cuter, *Weh 
Ttl^^ ^ Y raqolrM the «nriiitenf:e of the previous tuo 
<weicyu «e3, eotMotaa the arrival o£ the truly personal, easily 



17. casts 

^ CaBpjter criae is a s*ject that faaeinates many azxl vhich 
^ my vieu exaeecbBte. 'A induteS four evstts in our ganetal 
set of events^ we also had a aepaxate, detailod inquiry. 
M aJ**__?f?* postaUtea a law that vould re^aire registry 

Qg Pg owwrahip. The cene^t wsa that there Is an analogy beisM 
a ceg giter- aided, vhite-ooUar crime ani a viaapBn-aiaed burglary? 

frtainal with leverage that a/he does not have 
witBout mechanical aid. Cai^uter registration vodd titua, ia a 
amae^be analogaia to gm ragixtration or to <3 ragistration. 
•mm flacaer has had considerable oi^itian, viheraas the latter is 
done roAiaely. Sjch ragistration vould aid both in detecting 
-«ieft»-of PCa-and saftaeiag aha prbhahility of sueh dcaicranm. 

ZJ4f*Sf?**^ *® **** *^ it prtbibly would not ocbar 
mtil 1985 or later, a cmnlinrj to our pandiats. 

T5« <riBiifinna dealt with maastans to protect aoftuara fsaa 
S!?2f* * ^"""f^ tl» difficulty ia defining vJhat is -pirat*. 
resistant,- A aiaple eriterioa night be loeasurea T<hitaw if 
in^eosnted, «ould nalS the coat of piratel softa^re eaal to or 
^L^^'lf?!!?' aofb«re. SUeh parity 
ould J^aOdmA iv makiag »fbAre tAmp (i.e., the marginal 
coatof the sefbuBre wMLd be saaU relative to the cost of the 
raeoedi:^ oadiua and paekagix^) Cheraiv reaaeing the incentive to 
^^t«, oc by making siraey ai^enaiva via criaioal statutes or 
«. 1*'. . Gwiaegiently, Mt have raphraaad the qpeatioa in this 



^ ajsroach to protafrting data and aofbmre ia to psovide 

•neryption. Iteeant dcvelqpnants in encryption fer large 
mainfcaaes aay well be transfersable to PCs at raasarariaia coat. A 
gtant has been Issued to %bert M. Best of Seattle, l«whington, 
fla r^ a PO ^erientad sofbAre encrsptian system; a 
«»twderq(arocaaaor. Ihe quaation Should be exanined thua in the 
ugftft of v^iether aueh tranafisr is feasible at reaaonable coat ard. 
if it ia, whether it ia likely to occur. «»t am, 

V. aSSER S0CZE2AL T ? ?)B ? 

Theae qt as tfo n a focus on two aocietal iasuts other than 
erlae — privacy and equity. 

The first event, anacttnent of legislation '-jhich maksa PCs 
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Privacy Ast of 1974 La basad on the assunntiaa that 

SrSSi^* ^^^^ iitto j»r«nal Uv« with the« «achir«s. 

J ^^T" ^ fi^oa tha local bouti*ju.'a maintainirn 
S^f^^r^ iafetraatim about oatonttTS tha traawSSS 

of nalisiaua gosaip over PC nets. Ihe issues are caaplicated ter 
2? 12** cor^tutes private data; fbTSaJ^naaS 

air pecpl^ on a_airiateae cart list be notiflea they ^e^oi tt» 

^sitSs^t^sSLfr- ^^-i^i^* OS i^nr^r 

^«ai agaBciea make pdslic the existence off data 
ba^c«taijlrg ^ iniivldials, ^^STa^wS 

^2^^StS=S^ 25 ai « concerning th« (with 

^^i—J^iS^^a^,.®***'**^ qjjestion; l»wever, then is 

da« the road and l±at there is a sarong possibUty that ICs taay- 
never can e vaider pri,vacy legislation. 

™ nwasurea to provide SC access to 

^f^'i ^ that if PCs becone widespread, they 

J^ffacmt fer people with low inootw aai Uttle training to " 
canpete in the jdb aarket. A class off "Infetniation poor- ndrfit b« 
««ad. Oie way of oveceaidng such class differ«SatioM^ould 
??v£r^? f^^i^ to PCs. our iaodd is the avaUibUity 

o^libraiyjfaciIiti« that p^ access to bodtai,^SnS^ 
Motwas and, more recently in nazy places, to '/ideo recordera 

^mTSS^ ^fJL"*^ «^ P«gx«)«hiSr 

1^ OErfjilan of the psnel is that pdalic aecass to PCs would 
occur only after widespread adeption of such sibsidizad use. 



VI. APPLDCATSOCB 

Ma sailed ftsur applications areas fer PCs: 

- educational use; ia particular, elanaitary 
school use; 

- home fflonitoriag 

• - governnantrsaandatad use; and 

- energy csnservation . ' 

oH educational software, the concensus was that 

S2L?SS*f'"!? ** a jear or two - and 

c^tainly in five yaars. There are indications that many ffirna 
are in the eiucational .-narked:;. IfcGeaw-aiU and other ptfelishers 
^LrT^^ on the use of BaSK for specific PCs; EDS and 

oa»r fl^ are rnatketing vidso tapaa and oSr^laamim- aids. 
Apple and BaUiSDweU are entarii^ the CM markat. Bills setting 
«P ^raonal«3T«pater projects In the Qspartiaent of Edixation are 
JJing introduced. The Dallas Sbhool District is selling to other 
axstncts soae of the coursewera it deveLopad for its THS-9na 
^ acUvitiee Irdlcata great inte^i„^5,e *2du^^^ 
«wket. The question asks .-hether this interest wUl translate 
i^ the widespread aarkatii^ of courseware fisr tha alanmtary 
school level in particular. ^ 
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Tha vae of PCs far bona rocnltoting is w»Ll est^Ushed. - At 
onsent^ it is usually a retrofit; in tha future it might b« 
reasonable to «pact that PC-based ncnitoriisg vould be built in to 
a house just as intercaa systsns and snbSca detection systans are 
currently inc l u ded in abo/e-v/erage cost hsiies* Ih fcmixtj our 
qaestion» v« dtowm a price of $100#CXX} as the cutoff in tern of 
1973 dollars. A nwter of our reepQRdeats# particularly in 
Sauthexn Califismia, felt that, this represented a very chai^ 
house* XLtitough the Southern Galifbmia market has inflated^ the 
median price of a nev house nationally in 1979 was in the $60#000 
range and even in Southern C^i&rnia was under $100»000« Fac 
purposee of answerixig this question^ you may consider the $100#000 
value to reg r ese;it houses in the top qpsarter of those beir^ 
built. 

Our qfjestlon on lEtS reqjiments is based on o oBve r sa tiona 
with the TSS that indicate that the zaS is pr es e nt ly considering 
such a move &r the.mid«to lata-*193Cs. Vto seek the panel's view 
as to vhether the agen^ will be able to meet such a goal. There 
may be institutional barriers within the gc vema e nt or lobbies 
outside the gafemaoit that would either spaed or delay sush an 
action. 

Ihe substitution of ccoraunication for transporticn has been 
discussed and researched since the 196Qs. Eb PCs canbined with an 
e iieu3y * almL ea/iraniMRt« particularly rising gasoline costs or 
decreasing availability of fiMl# provide t echiiu logical and 
eoononic leverage to begin inplemmtation of this concept? 
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IQ ths £icst vcmd of thm DELEuZ you aakmd to 

Mtimata tlM valuM of certain tmds for 198S and 1990. In 
additioBU thm curv« r^rcMoting most liJcaly pattscn of 
change far each trnd vm glw. The frllrftftnj fages 
pr^ M nL ^ the nwlts of thus in^djdM. lb gmral, then 
v«» good agiwuHUL on the OERBCTZai of trende# but wide 
dl^Mnion on the values various trends wuLd readi by 1990. 
Hue, ^m vould liJoe to have aa panel of experts examine the 
results fran the first round and provide a second set of 
eetimatee baeed on this and other new inibnnaticn. 

Bar eadi trend, ^m dn# the fisrecasts fibr 19SS and 1990 
node by thoee mnbere of the panel ykvo felt they had either 
mediua or high expertise in the area. Iheae finracasts are 
8hMi in tenns of three valusss 

L « '^la^ estimate - at moet one fourth of the panelists 
gave valuae belour this estimate (25th percentile) 

M m madian estixnate - half the panelists gave valuas belobr^- ' 
and half gave valuae above this estimate 

H « "high" estimate • at -aost one fburth of the panelists 
gave valuae above this estimate (7St^ percextile) 

L, M, and B values are alao givan ibr 1978 ytmsm valuas were 
sqpplied by the panel. 

Ihe curve calum shoue the curve indicated fay the data 
by plotting the median values for 1978,1985, and 1990. Ihe 
ksy for the curvee is given at the end of the trend ssction. 

ZtSZHDCTZCEBt ' ' 

After rev^iodng the results, would liloa jou to do 
^tt following: 

1. 2h the space peovided, give your. SnXSCS BEST estimate 
fbr 1965, 1990, and i±u^ appcaptiata curve for the 
direction of ^lange. 

2» If estimate for the best value is outside the range 
indicated by the M, and H valuas, or you believe a 
dif£arent curve than the one given is appropriate, 
pleaee eo^lain your answer briefly in the ^ace 
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provided. Ihe purpose of asking you to do t:hi3 is not 
to ju8td.fy your answer but to give us the benefit of the 
specialized leiowledge and infiannation that you have that 
neither nor other panelists might have. These 
reasons are very i iupjrL ant to us and y3ur help is 
appreciated. 

3. Finally, please rec o rd your level of expertise on each 
question. (Use L Sar lev expertise* M £or roediuii 
expertise, and H for high esqpertise.) If you feel yoxi 
do not have enough Icaowledge to give an informed answer, 
do not hestitate to leave a question blank. 
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I. Cbat of a EC with the capabilities of an Aoele II with IfiC of SAM 
(dollars). 

I First round sstimafees II Your current || Explanation 

I II estioatas 1 1 if outside 

j II I I givm range 

i 1978 I 1965 I 1990 Icucvell 1985 1 1990 Icurvelejcpartisel I 

I ILpSOO IL-200 I II I It II ~ 

I $1300 |Mi<00 lM-300 I F II I 1 i || 

I IIMOO 10-600 I II I - I I II 



lA- Cost of a PC with the capabilities of an entry level fr^mumwr ' . ^ j i y tfw 
(dollars) . Ihis is a new qusstian« not asked in the first roixd. 

i 1985 I 1990 I curve I expertise I 

1 i r~ i \ 

1 I I I I 



2. 



I 



Ibtal annual sales (lunber of units) of PCs. 
First round estimates 



II 
II 
II 



Ybur current 
estimates 



11 
II 
II 



SxpLancticn 
if outside 
given range 



I 1978 I 1985 I 1990 Icurvel I 1985 I 1990 Icurvelexputiael I 



I 

I 22SK 
I 



IZ/> IM 
i»^1.2SM 
IB- 5M 



Sly- 21 
IH-ICM * 



I 

I C 



11 
tl 
II 



I 



I 



II 
ii 
II 



3. Annual sales (nuiter of units) of PCs costing mder $5,000 to analX 
businesses (100 or fiiwer co^playees). 



First rotBid estimates 



il 
11 
II 



Ybur current 
estimates 



II 
II 
II 



I 1973 I 1985 I 1990 Icurveil 1985 I 1990 Icurtr^iiK^FBrtisel I 



|I^«2GR ID-IOOK |L«<200K*I II 
|l^3aK iM-22SK l^>i IM I C II 
IH-75IC |B« LM lH>i 21 I II 



I 



I 



II 
II 
II 



B3tplanation 
if outside 
given range 
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4. Annual sales (nuuber of units) of PCs costing over ?S,000 to anall 
businsasM (100 or flswer employees). 



First round estiaiates 



II 
II 



Your current 
estimates 



II 



Explanation 
if outside 
given range 



I 1973 I 1985 I 1990 Icurvell 1965 I 1990 I curve I expertise! 



IL-IGK 
|!«>15K 
IH-2SK 



|L>12K . 
ia«I5CK 



IL-15K 
iM"75K 

IB-500K 



I A.B 11 



II 
II 
II 



5. Annual sales (nuaber of units) of PCs costing less than ?5,CC0 to large 
busi n esses or gcvenxnental organizations (over 100 ei^loyees) . 

I First round estimates 1 1 Ybur current II Explanation 

I 1 1 estimates .11 if outside 

I II . I.I . . given range 

I 1978 I 1965 I 1990 Icurvell 1985 I 1990 I curve! expertise II 



IL-2SK (L-ISOR |Lp>25QK I II | 1 | ]| 

IM-2SK \m2D(X. IM^OGK I C II I I I ' || 

IH-2SK I3-30CR Ih- IM I 1 1 I I I 1 1 



6. Annual sales (nunber of units) of PCs costing over $5,000 to large 
businesses or govemaental organizations (o/er 100 employees) . 

I First round estimates 1 1 Your current 1 1 Explanation 

I 1 1 estimates II if outside 

I II II given range 



I 1978 I 1965 I 1990 ' a:Tvel l 1995 I 1990 Icurvel expertise 1 1 



IL- SR IL-4GK |D«K i II 1 i I 1 1 

IH-ISK IM-ICOK IM-20GR i i.O II I I | I I 

IH-3SK IS-150K |B>300K I II I II 1 1 
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7. ^adoae of PCs used in sloMntazy and aecocziary education for administration 
or instruction. 



First rouod astimattn 



II 
II 
II 



Your currant 
sBtizaatM 



II 
II 
II 



Bxplanatioa 
if outsida 
9lvsa rang* 



I 1978 i- 1965 I 1990 Icurvai i 1985 I 1990 lcurv«|«p>rtia«i 



jlXOR 

It 



500 

to |t*>lOGK 
lOK |H-2S€K 



L-200K 



II 

II 



I 



I 



II 
il 
II 



a. Jixxbar of people vho can p rog ra n (in BASIC or more advanced ryT^ntjtr 
lasigvaqm) . 



First round estimates 



II 
II 
II 



Y bu r current 
estioatea 



I iL-aM IL-ISM 1 II 

I 5M \miM \l^2!0tt i C II 
I (est) IH-ISM iB-aOf i || 



I 



I 



I 



tl 
II 

li 



Bcplanation 
if outside 
9iven range 



I 1973 I 19SS I 1990 Icurvel I 1985 I 1990 IcurvelexFartisei I 



II 
II 
II 



9. Ibtal cuaulative nuiter of new jobs created by PC industry and by 
industries created by PCs. 



I 



II 
11 
II 



Your current 
estimates 



II 
II 
II 



Explanation 
if outside 
givm range 



I 1973 I 1985 I 1990 Icurvel I 1985 I 1990 icurvel expertise 1 1 



IL- 9C |D«K IL-60K I 1 1 
|{«>1CK |^M0GR IM-30QR I A.B II 
la-2aK |B«30CK IB-60GK I II 



I 



! 



I 



II 
II 
II 
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10. :tatoer of hones that can be reached directJ.y by electxonic mail. 

I First round estitiates 1 1 Your c u rrent 1 1 Explanatioari 

! 1 1 estimates | j if outside 

' II II given range 

I 1978 I 1965 I 1990 Icu cvel I 1985 I 1990 I curve I expertise 1 1 

i insig- lL-eO(X IL* 2< I 1 1 | | | 1 1 

I ni£i- |M>4«94 |^♦.10M I B,C II | | | M 

t cant IQ-IOM |Hi^30N III j | | || 



11. Percent of \4iat is new first class business mail that is sent to PCs as 
destination. 

I First round estimates 1 1 Your current 1 1 Explanation 

I 1 1 estimates 1 1 If o\2tside 

I II 11 given range 

I 1973 I 1985 I 1990 Icurvel I 1985 I 1990 Icurvel expertise 1 1 



I lL»2% |L«10% I II I 11 II 

I 0% If^ 3« |^^% I C 11 I I I II 

I |H«10% lB-30% III I II II 



12* nsdDBt a£ people vho use PCs (with perhaps cammications) to reduce or 
eliminate their daily trip te work. 

I First round estimates 1 1 Your current 1 1 Explanation 

I II estimates j j if outside 

I II II given range 

I 1979 I 1985 I 1990 Icurvell 1985 I 1990 Icurvel expertise 1 1 



I insig- Il»100K IL-300K III | | | || 

I nifi- |f«0CK IM-IM |B,C|| I | | || 

I cant IH-T.TM la«i9M III I I I || 
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13. visiter of hcnm using PCs or dedicated microprocessors for routine health 
ncnxtoring* 



I 



Firsts round estiinates 



II 
II 
II 



Your current 
estiioates 



I 1978 I 1985 I 1990 jcurwi I 1985 I 1990 Icurvslexpartiaal I 



1 1 Explanatian 
1 1 If outaida 
I i giv« rang* 



I IL-60K |L«10GK I II 

I voam lM>6Q(X IM-SOOR I A II 
I . IH-I.SM IH- SM I II 



II 
11 

II 



14. tisiDer of PCs exported the U.S. 



first round estimates 



I 20K 



II 
II 
II 



Ytaur current 
eBtizQfldtes 



II 
II 
II 



ExpL^iation 
if outside 
given rangs 



I 1978 I 1985 I 1990 Icuevsll 1935 I 1990 josvaj expertise! I 



|L<50K 
|M>75GR 



IL-200K 
IM- IM 
|B> 91 



I 

I A 



II 
II 
II 



I 



I 



I 



II 
II 
li 



IS. Mater of PCs import ed by the U.S. 



I 



First rouad estimates 



II 
II 
II 



'Sour current 
estimates 



1 1 Explanatian 

I [ if outside 

I I given ranje 



I 1978 I 1965 I 1990 Icurvell 1985 I 1990 IcurwIecpBrtissI I 



iD-ioac 

I 



|I>300K 
IM- IM 
IB- IM 



I 

I C 



II 
II 
II 



I 



I 



II 
II 
II 
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in dollars of a quality payroll p ro jraia (nota this quasticsn is a 
surrogate flbr the future direction of software ea^.^ts) . 



First round estimatea 



il 

n 



Your cxsETOdt 
esti;:iz&ea 



II 

II 

h 



I 1378 I 1985 I 1990 IcurveM 1985 I 1990 Icurvelexpertisel i 



I lL-250 lL-100 I II 

I $500 lM-400 |^*.200 I E II 
I lB-600 |H«600 I II 



II 



Explanation 
i£ outride 
9iven rang* 



17. PC end user cost per nwgalayte of volatile storage. 
I First round estimates 



II 
II 
II 



Your current 
estimates 



II 
II 
II 



Explanation 
if outside . 
given range 



I 1973 I 1985 I 1990 I curve! I 1965 I 1990 Icurvelexpertisel I 



I IL- 2K ll^OO I II 

I nSK !»♦■ 5K 1 5^ IK I P,G II 
I lii- 8K IH- 3K I II 



II 
II 
II 



18. PC end user cost of 500x500 element diaplai^s. 

I First round estimates 1 1 Your current j | Explanation 

1 1 estimates 1 1 if outside 
Jl 1 1 given range 

I 1978 I 1985 I 1990 I curve! I 1985 I 1990 icurvelexpertisel I 

i IL-2.5K lL-500 III I II. II 

I $1CK |^^ 3K |{>«00 I G 1 1 I II I 

I la- 5K IH- 2K I I I I I I II 
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19. EC oDd us«r oost of nodoBS. 



First totaad MtinatM 



I 

i $150 
I 



II 
II 
II 



%ur cuLioiiL 
eBtioatoa 



II 
II 
II 



if oubaids 
givan razq« 



IW78I 1965 .1 1990 lcurv«j| 1985 I 1990 Icucwlccpertiaal I 



\IMS 

la^ 



lL-20 
|M<5 
la-30 



I P 



II 
II 
II 



II 
II 
II 



20. fititter of retail outlets Sac PCs (includss dealers, departnmt stores, 
tact book stores on codeus, etc.) (I37at 1,000 indepaments, 7,000 Radio 
Shacks, 200 others) . 



I 



First rowd estimates 



II 
li 
II 



Ybur cumnt 



II 
II 
II 



Bxplanatian 
if outside 
given range 



4 1978 I 1985 I 1990 lomll 1985 I 1990 IcuEvejotpertiaal I 



ll^lSK 

8.2C |^^lac 

|H«3(K 



IZ^-20K 
|M«30K 
IB-6GK 



I B,C 



II 
II 
II 



I 



I 



II 
II 
II 



21. faauBl dollar sales of EC sofbuare to Inia users. 

I First round estimates 1 1 ^flsuc currant 1 1 acptLnation 

II astinates 1 1 if outside 

' 1 1 11 given range 

I 1978 I 1985 I 1990 Icurvejl 19 85 I 1990 leurveleKpertiael I 

IL^ IL-15M \l^Cm III I II J! ~ 

1M<IM |»iSCM IM-IOOM ! C II | | | || 

lOi^.SM IB-IOGH |I»-40CM III | | | 1 1 
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22. Annual dollar sales of software to small businesses ( less than 100 
anpLov««s) . 



First rami estimates 



1 1 Your c ur r a n t 
1 1 estimates 



1 1 Explanation 
1 1 if outside 
1 1 given range 



I 1978 I 1985 I 1990 I curve 1 1 1985 i 1990 I curve I expertise I 



L>i$lM IL- SM 
Mii$2M IM-25M 
H«$1GM IH-20GM 



L-2GM I 
H-35CM I 



B,C 



II 
II 
II 



23. flnnial dollar sales of PC software to lasge businesses (or govemaait) 
(orer 100 employees) . 

I First round estimates 1 1 Your c urrent 1 1 Explanation 

I 1 1 estimates 1 1 if outside 

I II II given range 



I 1978 I 1985 I 1990 Icurvell 1985 I 1990 I curve I expertise 1 1 



|Z>-$10GK \Lf 24 |L»10M I II 1 ' I I II 

l»<IM IM-15M l^^3CM I B,C II I I I || 

lt>$2.3l IH-5CM IH-25CM ill I 11 II 



24. ;tauBl dollar sales of software to primary or secondary educational 
institutions. 

I First round estimates 1 1 Your current 1 1 Bxplanatixxi 

I 1 1 estimates 1 1 if outside 

I II II given range 



I 1978 I 1985 I 1990 Icurvell 1985 I 1990 Icurveliacpertisel! 



|L-$2aR IL^ 21 IL- 94 I II I I I II 

|M-$50R In- 94 |M-ia4 I C 1 1 I I I II 

iH-$20CK lB-191 IH-5CM III I II II 
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25. Annual dollar sales of cuiifcj uter interactive networlc information services 
to hone users. 

I First round estimates 1 1 Your current 1 1 BxpLanation 

i 1 1 estimates 1 1 if outside 

I II II given range 

I 1978 I 19es I 1990 Icurvell 1965 I 1990 Icurvelocpertisell 

ll^ |I>IM IL-SM I II I I 1 II 

lM-$0 llflCM IM-6GM I C II I I | || 

|B-$10K |Ei-2SM i3»2Sm I It I I | || 



26. Annual dollar sales of cen^rter interactive network services to anall 
businesses (under 100 ompLoyoes) . 

I first, round estimates 1 1 Yaue current 1 1 Bxplaiatian 

I 1 1 astimatss 1 1 if outside 

I II ll ' given range 



I 197 I 1985 I 1990 jcurveii 1965 I 1990 lcurv«lacpertise| I 



|L-$S0CR 1X^21 IL-7.5M I 11 I I I 

|M- » iM-15M I C II I I I 

|{»<a4 |Bi<20GM I li { I I 



27. Annusl dollar aalea of ( jjiiprt e r interactive network services to largo 
businesses or go/emnnt (over 100 ai^pLoyees). 

I First rouxl estimates 1 1 Yaae caizmrt 1 1 Bxplanation 

I 1 1 €m^* II if outside 

I II 11 given range 



I 1978 I 1985 I 1990 Icurvel I 1965 I 1990 tcsvel expertise 1 1 

iLi^lM IL-IOI IL-6CH III I II II 

l»»<i$lCM lM-794 ll^lOGM I A II I I i II 

la-$10GM |a-60(M |H-70(M III I I I ! I 
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28. AnmaU. dollar sales of conputer Interactive network services to primary or 
secondary odvxaticnal institutions ( incltjding FIATO) . 




First rcuxl estimates 11 Your current | 



1 1 ExpLanation 
1 1 if outside 
1 1 given range 



I 1973 I 1985 I 1990 Icurveil 1985 I 1990 I curve I expertise 1 1 



IL-^IOGK iLi- 3M IL-IOM III I I | || 

|M-$5M |M>1GM INH2GM I C || j 11 II 

|H-$2CM |H«3SM IH-40M I || t It M 



29. Significance of crimes ccmnitted using PCs as a «iocietal problaa ^ 

(index scale: assuoe 19794. Ihus, if ^u feel that PC related crimes 

vdll be twice as much of a ^nriwtal pcablen in 1985, than you vould 

•^orLte in a score of 2. If PC crimes will be 10 times as significant, 

you vould write a score of 10. ^stice there is no tppsr limit; you may 

feel that the significance of crimes camdtted using PCs will be 100 times 

that of 1979 (cc even moTB) in 1985 or 1990.) 

I First round estimates 1 1 Your current { i BxpiLaiiaticn 

I II estimates | j if outside 

I II II given range 

I 1973 I 1985 I 1990 Icurveil 1985 I 1990 I curvel expertise II 



|L» 1 
IM- 2 
IB- 3 



lU 1 
|I4- 3 
IH- 5 



I II 
I B II 



II 
il 
II 
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THE PEESONAL CCMEUTER AND EDUCATION 



Disctission o£ Rsind 1 Resiolts. 

The first round DBljhi presented five scenarios for potaitial iii^acts 
of pe r so na l caipaters in edu c a t io n ^ The panel of twenty vas asked to 
estimate the most likely time that each scenario would be inpleroerrted. 
EbllOfidng the five scenarios were related questions on four issue areas 
(^pe of edu c a t i o nal market, institutional arrangenent for obtainiig PC 
courseware, mode of PC installation and market penetration) as wall as a 
section of events, cxilled frcra the scenarios, vrtiose most likely time of 
occurraice the pa ne l was asked to estimate. 

The results can be siirmarized by stating that the panel agreed that: 

. Bet>«aen 1935'-90, PCs will be in r^ular use by at 
least 10 % of all students enrolled in pdDlic primary 
and secondary education in the 15. 

. Between 1985-90, PCs used in irxiustrial productixm 
operations will be comcnly used to perform on-the-job 
training and retraining of en^oyees. 
• Hones will ultimately be the largest purdiaser of PCs 
for educational purposes. 

A majority of panelists also agreed .that the following events would NEVER 
happen: 

. 9:ate coi^ulsory education laws are overturned. 

. Tea cher lobbying against mechanical aids to teachii^ 

is successful . > . 

. Federal gcvemnent withdraws funding fron educational 
technology as part of general cost reduction. 
. Need for heavy duty construction of PCs to cope with 
hard usage by children drives prices out of reach of 
school districts. 

The panel was divided (50% or less) cn estimates for when the 
following scenario events will occur: 

. 10% of all primary and secondary school age children 
vdll be using PCs er her in private schools/centers or 
at hotoes. 

. PCs will replace cassette recorders in the home stuiy 
market. 

In general, the overedl implication was that PCs will definitely 
infiltrate the educational process, vAiether it be the formal educational 
systan or industrial training, and that the Federal goverrment has the 
opportunity to play a variety of roles, both positive ard negative. 
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SUMAICr CP RESULTS OS mJC3VCXCN SCESARiaS 



TIME CP OCOJRRESCS 
1990 81-84 85-90 . + 90 NEVER 

^ ^^^f^i^lar \3am ^ Itast 10% of all stulents anroUed in 
pslic pcinary and aeoondary «3iKation in tha US. 

E 3/20 11/20 6/20 

M - 5/20 13/20 2/20 

L - 3/20 8/20 9/20 

2. 10% of all Frlmary and aeooodary schsol aga stuients will be iMing PCs 
axthar in privata achoola/oaatara or at hcniB. . 

B 5/20 8/20 4/20 2/20 
M - 5/20 9/20 4/20 

L - 2/20 7/20 9/20 

3« Ka camanly usad in physical aducatlon Faragrans. 

E - 7/20 7/20 4/20 

M - - 7/20 11/20 2/20 

!• - - 3/20 15/20 

4. PCs replaca casactta reootdars in the hone atuiy market. 

B 4/20 U/20 4/20 - - 
M - 7/20 10/20 2/20 1/20 

I» - 3/20 9/20 7/20 

5. PCs uMd industrial production operations will be caronlY used to 
i wrfpnn on-the-jdb training and retraining of n^loyees. 

B 5/20 14/^1 1/20 

M 2/20 4/ 13/2CT 1/20 

L - 2/20 8/20 10/20 
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issue AREAS 

A. Shape of BaucatJ.onal t^ket 

Results of %i3id 1: 

FERC^rTAGS OF PERSONAL CaiHTTERS 
BOUGHT PRINCIEAILy FOR EDUCATION 
THAT ARE HJRCHASED BY: 



PERCENTAGE OF DOLLAR 
EXPENDITURES EDUCATION 
COURSEWARE BY: 



Primary Schools 10% 

Secx)ndary Schools 16& 

Itxne 23% 

Industry (in-plant) 17% 

Ccnmercial Training Institutes 7% 
Catmmity Q^lleges ard Mult 

EHucational Facilities 3% 

Uhiversity-based Obntinuing sa. 4% 

Department of Defense 15% 

TOTAL 100% 



Primary Schools 8% 

Secondary Schools 19% 

Hane 17% 

Industry (in-plant) 18% 

Ccnmercial Training Institutes 6% 
Oanmxiity Cblleges and Mult 

Educational Exilities 9% 

Uhiversity-based Gfexitinxoing Bd. 5% 

Department of Defense 18% 

TOTAL 100% 



For Round 2# please give your estimate of the market percentages if they disagree with the 
resiults of Jtound 1. Note that universities and colleges are new included with university-based 
continuing education. 



PSRCEJTTACS OF PERSONAL CCMFUTERS 

acuarr prdcieaily for education 

THAT ARE HJRCHASED BY: 
Primary Sdtools 
Secondary Schools 
Home 

Industry (in-plant) 
Catinercial Training Institutes 



Qoraraudity Cblleges and Mult 
Eiucatibnal Facilities 



Uhiversitiesr Colleges and Univer- 
sity-based CbTiCinuing Ea. 



Ospartnent of Defense 



TOTAL 



EKLC 



% 
% 



PEKCbiniAGE OF DOUAR 
EXPENDITURE ON EDUCATIONAL 
COUEISE^ARE: 

Primary Schools 

Secondary Schools 

Home 

Industry (in-plant) 



Ccmmercial Training Institutes 



Cartmjiity Colleges and Mult 
Educational Exilities 





% 

% 

% 



Universities, Cblleges and Uhiver- 
sity-based Qxitinuing E3. % 



Oepartznent of Defense 



TOTAL 



% 

% 
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B. Institutional Arrangement for Cbtainii^ PC Cburoeware 



iCNfi SaC5 MANY MOST 
(<10» (10-60% {>60% of 
9tudQRts) Students) students) 



Schools purd*«ase and praAde 
software to all stulcnts at 
no <?oat> 




X 

50% 




Students purcdiase thair own 
software; landing libraries 
provide for wderpriviloged. 


X 
45% 






Students are allowod to take 
software horos. 




X 

50% 





0t^l8r arrangenents 
(please describe) 



1 )Ttodtsr/stuient 
create* 



X 

25% 



C. itoda of Ihstallatioa 



One or two PCs par daaarocm 
One claasroan vdth full PCs 
Naithar 

Brtth 



CSBOC INSINUATION MCCB 
X 30% 

~X~"3S% 



ERIC 
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D. Mar)cet Penetration 

Of those pe^rjelists responded, 100% agreed that adc^Jtion of PCs by 
educational in3titutd.ons will be slo^rer than adoption and diffusion of PCs 
in homes and business, due to the b£sic oonsexvatian and inertia that exits 
in the educs^tional field. 



EVENTS OJESTIOtS ■ E M L 

^cperimmtal assessmeit of value 
of canputers for slow learners 

cai^Jletedo €2 84 87 

Experimental assesanait of valug? 
of PCs fcr gifted childzren 

ooipleted. 83 86 37 

Developnsnt of extensive PC 
softwQt^c-; for alow and/or gifted 

children using Fsders^J. fimdingc 82 34 88 

DepartmtiSit of Defans^ roafcinaly 
uses PC^ for personnel traimi^ 
banic skills arid apociaii^ff-sd 
tasks. 83 86 37 

Installatica of at least lO^OOO 
PCs in sc^^Xs using F^^ral 

n^atching fionds. 83 86 37 

Training in tire vse of PCs esvailable 
for teach^^rs in at least 10 schools 

of education. 82 83 85 

CSomputer literacy questions appear 
on the 83 86 88 

One of the 10 largest states requires 
demcnstrated ability to qporate a 
terminal as a condition for high 

school gradiation. 85 37 90 

High quality PC software bea :3 f 
available fer 25 different high 
school courses, includirig those 

normally required for graduation. 85 38 92 



Pederea co urt decision allows PC- 
assisted home training for 
children. 



84 



87 



93 



Stata Gonpulsory aducation laews 
are ovec turned « &CVBR 

PCs ibr UM in physiczd aducation 

are marketed succeasfuLLy. 85 90 

PCs are uMd in Qonjtnctisa vdth 
videotaped lecturee for OGntinuing 
education credit ccuraes for Ime 
use by a raajar college or 

lafiivarsdty. 82 34 

PCs are used in ocnjmction with 
videotaped lecturee fov continuing 
education credit cacatss £br hone 
use by a laige vocational training 

institute* 31 . 34 

10,000 PCs used in production 
operations are provide;! with educa- 
tional software fibr on-eie-jcb 
trainiz^. 83 

Tbachsr lak±yLng against medianical 
aids to teadiing is successftil 

Cbjectives maximizing teaching jdbe. tSVSR 

Federal fbnds made availablf?. for 
PCs in schools for ua:«, by 

harrilcatred, disadvanteiged. 82 84 

FUeral goveniMnt wLthdraue frcra 
aducational technology as part of 

general cost reducrtion* USVBR 

Stad for hoavfy duty oontruetion of FCf^ 
to cope with hard usage by children 
drives prices out of readi of sch»l 

districts. SEVBl 
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A CCN5ERVATIVE SCmARIO 



The fiDllcwing scenario argues an extreme, yet plausible, position 
with respect to canputers in education. After reading it^ you will be 
asked to examine four counter arguneits, add two of jour own and rate all 
of then. 

^fany proponents of the potential of carputers in the edixratioial 
environment, and personal coi^puters in particular ^ argte that car^xiters 
will have the greatest iitipact on education since the invention of books, 
that they are a positive answer to the widespread dissatisfection with 
today* 3 educational system^ and that the possible applications of 
canputers in education are almost limitless. Ihere is^ however, no reason 
to believe that canputers will affect the educational system to ar^ 
significant extent; that is, they are not likely to have any more iit^act 
than educational television or progranmed instruction or ar^^ other 
education2LL mediun. 

Since Socrates, it has been general accepted that there are three 
sine qua non*s of education. First: students ani information are 
required to be in the same place at the same time. In all but an 
insignificant portion of the educational enterprise, there has been no 
conclusive evidence to show that the method or mediun by which this 
information is taught to the student makes any 3ii3stantial difference in 
the amount of information learned. Also implied here is the "readiness" 
phenomenal; that is, a child's arrival at the appropriate psychological 
level allcws certain skills or concepts to be taight which at an earlier 
level could not have been. CXir educational system has inc or porated 
readiness into the curriculon in that a pp r opr iate tasks, skills and 
ctpncepts are introduced at a p pr opr iate levels. In other words, it is 
highly unlikely that a four-year-old child can be taught creative writirg, 
no matter what method or mediun is used. 

Second: motivation to learn is the greatest single factor in the 
amount learned. The school systcsn atten?Jts to enhance the motivation that 
exists in students as best it can^ but there are many factors outside the 
classroan which have much more leverage on whether or not the stirient will 
be motivated to learn. The status of the child's honelife* for example, 
has much mors impact on learning than anything a teacher or a con^xater can 
do. 

Third: intelligence is the most ins/ariant factor in acoountiz^ for 
individual variance in achievanent. tfo matter how poor the teachir^ 
ftethod, the bright child will learn— if not in rjlass, thOT on his/her own. 
Very few students vftio are bright and motivated can be hindered by 
deficiencies in the educational system; for students are net bright 
and net motivated ver^" litt'.e can be dcsie in the educational system to 
help them. 

These ^ three fectors— students and information in the same place at 
the same time, motivation ar^ intellig-•^ce — account for all but 2% to 5% 
of the variance in student achievenenc. Even if ca np uters, and personal 
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caaputers in particular, cDuld accxaait for alL of this last portion, the 
uipact vyould he minimal. 

TBiere are special educatic. jd sittings in vhich ccmputars have high 
leverage in tenns o£ time ani money, one of %MLdh involv«se the use of 
canpiter e im aalation. Ttaining a 747 pilot or an int«n in threat-tSf-lLfc? 
situations could be ea^snsive for two reasons? one, the availability c?f 
747*s or o£ heart attack victims is cost-FCbhibitive: and two, the cosrt; of 
training time fcr professicr-ols sucOi as the» is expansive* The lower the 
msan time to oaiplete the course, the more cost-effective the trainirq. 
Thus, in this case, the use of coifuters has tretsiffldous advantage. 

^ the general e ducat i o nal system, however, there is little or no 

eoonanic advantagti; to coi^uters. lowering the mean time to cooplete a 
course, for instance, is not oconanically viable since that would release 
students either into the w oc kfbrc e (higher iswi^loymcnt) or into their 
hones (higher walfare costs, higher juvenile crime rates when both parents 
are vcrking) • The babysitting fiaiction of the educational systsa is 
essential to the operation of today's society. 

In ccarelusion, the only two technological breaJcthrouglw that have had 
profoiaad iinpisct on the educational systsa are books and the bladdboard. 
ether touted tachnologies, of ^*ich the coi^uter is but one escaqile, have 
had little or no intact. Qitil «ie bit cost per page of paper is roore 
than the bit cost of storage on a flopsy disk or videodisc, bodes wdLll 
c^sfsdn th£^ most viable teaching tool. 

The ft^lloriing are four o o mt er argucnmts to the above scenario. 
Please ad4 t^wo more and rate thea all on a relative scal-i? — 10 points for 
the veakeet counter arguoant, more for the others. The rittiiqs should be 
relative to the strength of the counter aigtxnents. 



!• BecauM ccmputers vdll pervade the US econanyc.-.tfea_ability to 
vm a ocn^pr will be a necessary conponent of societzO. functionality. 
'Uie logical pl&^ fer the r^lic to leem about corputers is in the 
isecols. Tbusv i?r'!tip;t»?3rs, very litely personal cot^uters, will fiixi 
tl>c»ir ymy in l/^t^ri^ m^ii^>eiry. l-io the educational systan. A secondary, 
Bsriftant result c^f i2CD%$}*vmr Ubiquity in the schools ^aill be the use of 
computers ^ar o3u;AMtc?3r-^jaisted lnstr«tlcn (CM) on a broad scale. 

— -.2. Mt jjtirinl oMi of caKiJixtfflr» 'jr peraonal canautera will ba:v^ 
^tamarS, ^ich t^teijs njt ixs^Ly naoe«si..'y fer the ••retail'* area to be 
knfr'#!4id»jrji^le ^ibcux cxxupstax^. ?r ' ^rc^n vAll take over the training of 
gq^toya ^wS' ia the va^ of ccranut<Rr<« isslrg ccraputers to teach. Thus, 
t>ersannel^ will trained in *1ia most c5oct:-«ffective TEganmr, that Is, in 
thr. lc!ffi«t F?^iMe time# a criterion against aiich CM mfaasures up well. 

3. It m^ be argued tha:t conputers can teach more effactively 
tlaiiiSO% of the*; taadiers In the present educational enterprise; tlvirafbre, 
eat^iters can be cons i d ered a more efifective primary mode of instruction. 
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Since tirr:: • .c of computers is going down and the cost of faculty is going 
up, ther^:: : come a tine, say in 1985* when the costs will intersect. 
After thcv j^int, computers will be used with increasing frequency to 
teach. 

Ihe infbrniation explosiOT will continue to accelerate; thus 

the la-...^ at \^ich school and miversity curricula have to be revised will 
also accelerate* The distribution of information, presently hairiled by 
book publishers, is slow and cutibersane- Hawever, a ccn^xiter network that 
could rapidly distribute treneidous anraunts of information to many schools 
could became an integral part .of the functioning of the educational 
system, thus having a sxiDstantial intact on it- 

5. 



6. 



RATING (10 POINTS FOR IVEAKEST AROMENT, MORE FOR OHiERS): 

1 ^ 

2 

3 

4 

5 

6 
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Events Associated with V^ous HJuation ScenarijoB 

Although many of these events wer« listad in RdixxJ 1, this rami 
obtains several new avmts far your consideration. 

For each avant, the n«lian estimate of the panel for earliest, most 
litely, and latest time of o cc uc tttttce are shown. As in the gcieral eveit 
questionnaires, wa have , listed some precursor conditions that eould 
atfianca or inhibit the occurrence of the event (developnent) together with 
some iOTacta frcra event or developnoit occurrences. 

Finally, >« have provided scales fiDr indicating the direction and 
•nagnituie of the icr?act of the event, if it occurred, on four trerxis 
characterized by the tiiange in sales of microoor^utsrs to: 

1* Cbnsixners, 

2. Snail businesses^ 

3. Large organizations, and 

4. saucational institutions. 

lie, would lik® to: 

1- Indicate ftsry disagreement on times of occurrences. 

2. Add csr deie^ji? precursor conditio.^. Change + to 
-to *::lr:r\ we have the direction of erihancanent 

or infe^^b ltiocn 

3. ^mmu». t^ffisict^ on sales to consuners, aisall 
busin«jSK**i»^ lat^e organizations, and the eiucational 
esta^:U?^^::•^^^ th?i H4 to -L scale provided. 

4. As:;l. - ^ .i^^etsi l^Tipac::© resultirq firan the event or 
developn^L^tc 

Ih^ fibllowir^ illustration of lis^ a resiaonse steuld look will help 
iii^a :iiling out the questions. 
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QLsctJMion of 9omd 1 Rsmilts 

Th* first rwnd Dtlphl pre»«tai a tan part scenario fibr 
P^tntial iwpric ta of pcraonal ooapaton on ttm ^^orkforce. Ybu 
WW aakKl *«th«r jou gcntfally agreod, disagzmd, or \Mre 
nwt«l about each part. ah« iwct paga Aom tha dctailad raaults 
»^ thaaa ton acamriolats. Ttm raauLts can ba suxmrizad bsr 
stating that tha panal agread that: 

• PCs vould raduoa tha sh3rtaga of clarical warkars. 
(Etot 1) 

• PCs vould hrixxj autonation and cn-lina data 
pnocaaaing to anall buainass (Part 4). 

• PCs would ba usad fbr on-tha-jcb ratraining.CPart 
8) 

Tha panal vaa dividad on four poaaihilitiea (at least half aqraad 
or wBTa neutral): 

• PCs baccna a viay of en^aoyor's coping with tha 
anatgy crisis by pannittiag vorkera to vcrk at hcma or 
at raaota vork sitaa. (Fart 2) 

• Qs^fanxsant aid pi ' cijiaus for tha handic^^aad indixla 
purdiasa of PCs. (Part 3) 

• Bacauaa PCs ara avaUabla, govarmant agaocias 
inoaaaa raoard^^keeping reqaireoonts fbr snail 
busineasaa. (Part 6) 

• lha rola of middla tnanagacs changas aixl tha nux&Mr 
of middla maoagars dacreaaas becauaa of tha orasance of 
PCs. (part 9) 

'Om panal rajactad threm poaaibilitiea (noca than half 
diaagraod): 

• Aa PCs ara introducad* oldar ^Mcrkars ara lasa abla 
to ad2^ to tha nav anvironnecxt and ara disblacad. 
(Part 5) 

• PCs ara vddaly adoptad in do-it*-yoursalf taaks, 
tharcfay radudng dsoand fbr crafts vorkers. (Part 7) 

• Tha proportion of Oiita collar to blua collar jdba in 
OQcporations dacraaaas. (Fart 10) 

Tha panal fait that tha moat likaly tima that tha acenario aa 
a vhola vould ba in^cnmtad vaa aftar 1990. Tha panel was 
dividad on tha most likaly tlaa fcr PCs to ba installad in 10,000 
snail tnanufiicturing plants in tha U.S.« with half faaling it would 
ba bafiara 19S5 and half faaling that it would ba batuaan 1965 and 
1990. Tha moat liJcaly tima fbr PCs to ba installad in 100,000 US 
retail aatablishnantsuaa judgad to ba 1985-^. Iha datailad 
raaponsas ara ahoMn on tha nesct paga in tha saona fbnaat aa tha 
ganarza avant data. 

Da ganaral, thara was disagraammt with tha various policy 
scanarios laid out. Aa shown in tha detailed analyaia that 
f ol l c hg, only two policy acenarios (the Dapartromt of mmtion's 
toaau of VDcational fflucatioo encourages PC curricula in 
oommity collages, and dianges in the Fa3eral transfer paynmt 
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prograia due to >orker dispLacsnost) received as many as four votes 
of agzeonent out of a panel of twelve. 

The overall in^ijcation vaa that the maricet^lace rather than 
the Federal gov eni ac nt ^lyas liXely to shape the course of eveits* 
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I. 



SIMABY CF RESULTS OH '/KSySOSCZ SCEtMOOS 
IMBfCS SCEEASIO. 



1. PCs roducs shartaga of elccleaL workers. 

2. PCa usad to cqa* viith «Mtgy crisis. 

3. PCs purchBMd for hiirriicjppstl. 

4. PCb ua«d fbr anaia. buainia white 

5. Cider vodcers displaced ty PCs. 

6. Gbv't racocds raqairaiMnts offoet 
productivity gains fcoa PCs. 

7. PCs 6x do>it-yQuraeIf replaces cn ??:iMaR 

8. PCs used fbr on-t he jc b retraining. 
$r PCs displace niix3dla managers. 

10. Proportiaa of vliita collar workers reduced. 

TZMB OP COOJ8SSSSCB 
1960 81-84 85-90 

EVEtfT 1. Ganeral Outline of Ihipiict Scenario Occurs. 
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Bvarr 2. Bsrsonal c aigut ers are installed in 10, 000 small nianufaeturing plants in U.S. 
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EVESir 3. PBrscnal coipxtors installed in 100,000 ratadl businesses in U.S. 
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1. 



2. 
3. 



6. 
7. 
8. 



Gav*t declares it to be its obligation 
to provide vorX. 

Wbrkera over 40 nust be retrained to 
use cQi^outers* 

DOE Bureau of ^fecatiooal B3ucatim 
encourages PC curricula in cxium nity 
colleges. 

aareau of labor Statistics issues 

CQt^oter-related 'worJcfarce data. 

Hstraining of engineers to a nooth 

tednical v o r kfo rce supply. 

*b is viewad as privilege, not right. 

PC transfer payoents change. 

Federal viorkforce changes frcm PC lose. 



AGREE 
3 
1 

6 



1 
1 
4 
1 



DISAGREE 
6 
8 



8 
10 
6 
8 



ESnMAlES OF NET EFFECTS. 

Ibtal nunber of businesses, 
tbtal ntxhber of clerical jdbs 
Ibtal nunber of middle 

tnanagenoxt jcbs. 
Job taobility. 
Clerical job cnnplqcity. 
ManagoQcnt jcb ooqplezity. 
Job routinization. 
Clerical v«3rtcsrs sup^ay 

^relative to daoand. 
Labor force dbange due to 

do-it^-yourself. 
Skilled trarJes for service. 
Plow froa white to blue collar 

More than half the panelists agreed that: 

Obb m c b tlity, clerical job coi^exity and roanaganmt 
. job canplexity vould increase. 
Ihe total nunber of middle manageneEit jobs Wdxald be 
wchaoged and there would be no intact on the labor 
force froa use of PCs for do-it-yourself and skilled 
trade tasks. 

The p a ne lists did not have a clear majority viev, but 
did have general indications on the other ' questions 
asked. The ^it betsiueen ""increase ani decrease"* &r 
-acme effiaetSf such as change in routinization, oould be 
ascribed to a diversity of inlets;, aoae jdbs beconing 
nore routine, others less so. £bte that this split may 
be correlated vdth uork siqppLy changes. 
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OCMBDSITE SCQARIO 

The &lIO(idng is a list of events that affect the 
vnckforce* The events have been sequenced in orxler of 
occurrence as tpeH , fi ett by the madian estimate of the 
meet likely time of ooc u g r qance fron Ebuad 1. Ihis list 
can be viewed as a scenario* 

nease nview this list. Cbnsider the 1SMIZ9S of 
the events in terms of: 

1* Iheir likely time of occurrence. 

2. Iheir sequence relative to one another* 

FEEL FREB TO CBVNCZ MSK DATE INDICATBD. 

Ih making your assesanerxt, keep in mind that these "liJasly* 
dates represent a 50 peroant chance of the events occurring by . 
that time* not certaiixty* 

BCAMELS 

If ]^u \iBnt to change a date« follow the example shown below 
in vliich a respondent might change an event fnan ISaS to 1987^ 

1965 1987 IRS rules permit fast d^reeiation of PCs. 

****** 

YEAR EVafT soaiiARio : :: " 

1960 A portion of the wDr )cfbro e proves to be mtrainable fbr the xxse 
of con^utera* 

1982 PCs with specialized software mariceted to aid sales in aoall 
retail stores* 

1983 A Rally Girl service using PCs and phonelines is offered 
comarcially* : — , 

1983 A survey shMs that more than half of all home PC users consider 

the most iiqportant use to be ganes* 
1965 lOrOOO vo^cera in the U.S. lase PCs at vork locations in or close 

to their homes to pesrfbm clerical finctions for remotely 

located wnployars. 
1965 IRS rules pexndt fast d^reciation of FCs. 

1965 Governnent siAsidy of educational peograns on PC use by 
buainessee. 

1965 A maior drop in inibxnation nebork services costs anl service 
bureau charges make service bureaus caqsetitive vdth PCs fbr 
aaall businesses (notes 3 say 1985; 4 say never) . 

1965 A survey shows that more than half of all home PC users consider 
the most i iiyort ant hone use to be do-it-yourself instruction. 

1968 A govemaant piujiau providing PCs to hanftLcappad people as 
mpLa^nmt aids is fianded. 

19(38 A survey ahoMS that more than half of all horaa PC users consider 
tte most in^rtant use to be education. 
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Another survey shsws that more than half of all Ixitie PC users 

con sider the most impDrtant use to be \iork at heme. 

Retraining programs are established fbr older \orkers displaced by 

PCs* 

IRS reqoirea canputer-^^cept records fbr all biainesses that do . 
more than $15,000 per year gross* 

T» percent of the labor fbrce (4% of vihite collar) is 
chronically 

xMn^loyod as a direst result of job sibstitution by small 
computers* 

A survey shows that more than half of all hone PC users consider 
the most inqsortant use to be text processing. 
IRS provides coifajter prograns that can be used on PCs fbr 
tax records • 
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ThB fibllcwing pages shov events associated wLth various 
vorlcfbrctt scenarios. Ihsss events have been placed into four 
gza^x 

!• VtaclQBr dispLacQOont and training (resulting in 
changes in uoriUbroe cooposition) • 

2. substitution of camuiications for tran^nrtatlon 
(multing in changes in uatkforem loeatioa and access 
to viork for wricers) • 

3. ZR5 requiranmts (resulting in changes of 
acoo mt ing for PCs and in reoord«-keeping requiranents 
for businesses) • 

4. Gbqpetition ' (to PCs £rcra natworic infdsnation 
services and service bureaus) • 

Ihe nunbers refer to the order in the original gjestionnaira. 

Bbr eaA eveot, the median estimate of the panel for 
earliest, most liJcsly, and latest time of occurrence are.stawn« 
Ici a fov casesr the panel \as split with half the panelists , 
feeling that the ev«st wuld never oasm or that the latest time 
vas never. Ihese are indicated by "or KEVOSU** 

As in the gooeral event questionnaires^ ^ have listed some 
precursor conditions that could aihance or inhibit the occurrence 
of the event, together with some iiopects fran event occurrences* 

Finally, ^m have provided scales for indicating the direction 
and magnitule of the impact of the event, if it occurred on three 
trends: 

1. Ihe size of the wa rkfor ce enployad. 

2o Ihe Qunber of wrkmss displaced. 

3. The sqsply of clerical vnckers relative to the 

donand fbr clericzHs. 

m %ould like yoa tot 

!• Xbdieate ary disagreenent on times of occurrences* 
2* Add or delete precursor conditions* Change to 
* or « to ^ i£ yo\x think v» have the direction of 
enhancBEoeat or inhibition wrong. 

3* Assess the effects on w or kforc e, displaced wricers, 
and clerical labor sq^y on the to scale 
provided. - " " 

4* fdd or delete in^acts resulting fron the event. 

Ihe folloMing iUiistration of hov a response should look will 
help yon in filling out the questions. 
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The first round Oaljiil elicited too fisw answers £ran individials who 
rated themselves as havirg moderate to high expertise to include a sinnary 
of those c^sestions in this roisid. Oonseqijsntly, we have taken the option 
of readdressing ^ cpestions to the entire Oaliiii panel. Ihe following 
pages shm events associated with various Actors relevant to the intact 
of personal oaifiiter techrology on international trade. These events have 
been placed into three grocpss 

1. Ihe general viability of the 15 personal coi^uter 
industry* 

2* The effects of international trade on the donestic 
martet for pe r j^wl coiit^uters. 

3. The effects of personal canpiter technology on the 
world market. 

Fbr each develocxnent listed, we would like you to iniicate your 
qpinion as to the e a r li es t, most liJcely and latest time of occurrence of 
the develoEBxent indicated. As in the general event questionnairea, we 
have l ilted some precursor corditions that could enhance or inhibit the 
occurrence of the develqpnent, together with some possible impacts 
resulting firoa the occurrence of the dcvelcpnent. 

Finally, we have provided scales for indicating the direction aid 
magnitude of the inject of the developnott, if it occurred, on donestic 
and foreign sales of IB manufactured PCs* 

We \iould lite jou tot ' 

1. Add or delete precursor conditions* Change to -or 
•to -I*, if ^u thixdc we have the direction of enhancement 
or inhibition wrong* 

2« Assess the efSscts on sales of US manufactured 
personal coi^uters in the donestic and world markets on 
the -Hs and -L scale provided* 

3* Add or delete inspects resulting fraa the 
hypothetical develcpnent. 

Ihe following illustration of how a response should lode will help 
^u in filling out the questions. 



The f bl lcwing ara the results of th© first rotnd IW.jhi. The 
rm data ara prasntsd for tha pax»l as ^ ^tole. 2iaae data, for 
^uUa^d, ms^ ba diGMt ass 
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no arVHtin^ sets of data ara shown ^itaara a^ipLicabla* 
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— the /////// lTv11r7>f<t« ths maUan for those ratal 
t h e w a e l v ee high eo^artise; the C 3 indiczttes ccnsansus uas 
ocnaidarad adxLavad* 



Bbta that in aona eaaaa, particularly thoaa ^^feara markat-^ or 
tadnical qoaations ara involvad, ws may accept tha experts rather 
than tha group as a \tela fbr conoenaus* 

Finally, to aid ^ in interpreting tha results, ^ ^km you 
tha nunbar of respondents, N, and ^ nanb«r ^dho rated thoaelvas 
high eacpsrtise, H* Ihus, for exaspltf* 

H » 41. a « 13 

jg^pliea 41 asisviered this question, of \4icra 13 rated thaoeelves 
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1* ^ ^tisxial retailer altera the EC market. 
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2* Of the manufacturers of large ™ain^anes tfitera the 
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QyoiP 4. A »>*jar IB oon^aiy not now in the PC inarket eitara the 
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1- E5\RriCIE9\snS IS TIE ^lATttSTPLACE 

Events 1, 2, 3, 4 and 6 doalt with the possible entry of various 
participants into the marke^ace. In general there uas good 
agreement that these entries vould occur early in the cycle, 
either by the end of 1980 oar in the 31-84 period* Ther© ^ less 
agreeiwit on \4iether or v^en a CB-lilce craze fbr horne cotputer 
oxtertainnmt vould occur. Of 38 panelists who estimated latest 
occurrence, 12 Indicated it might never ha^n. 

Since the first questionnaire was issued, the following have 
occurred: 

1. Sears is selling AIARI ooi i pu ters. 3ecause of ^ars' 
historical consetvatian In introduction of new lines, 
this probably represents a long-terra catndtmart, 
although the exact form of their raariceting efforts may 
change. 

2. Xbtox has been added to the list of non-raainfrane 
manufacturers v*» may enter the market. SUch entry 
could, incidentally, be either with their own braai name 
or through acquisition of an existing manufecturer. 

3. Hawlett-E^tard has introAiced their HP-aS 
Professional Parsonal Cbraputer which, with Tbxas 
Ihstnraottts* H 99/4, fulfills the condition that two 
major c al cu la t or manufacturers enter the market. The 
HP-41C progrannable hand calculator-cuo-pdnter is 
almost a personal caapxter by our definition, but is too 
restricted in application. ... 

n. J3ETiiKBK INFGRfAIZOI SERVICES 

Ttia agreanent on network infarmation services questions was 
niuch less than on market questions. In particular, there were 
sizable groups who believed that neither poUir^ nor revision of 
the 1934 OoRimz&ications Pet would ever occur. 

Ih considering ^le network services, recognize that there are 
at least tsuo firms currently offering t^ tn i u pc i^l services directed 
to the personal ccraputer user — MCROMET (Gbn^userve, 3hc.) atvi 
Ihe Sburee (Telecoxputing Gbrporatioi of ftoarica). Rsr purposes 
of EVES3TS 8 and 9, do not consider these services to be events 
that satisfy the criterion since it is not clear at this time 
vfcether they are viable over the long-term. Ihere are otiier 
indications of netwric service activity, indudJx^ experiments by 
M&T and trials, usir^ a GTE-owned EDP-11 miwpTt.^r in T^n^a, of 
the Viewdata systen. 

m. TBS^XSLCGf 

The parpose of the tedmology questions was to dbtain a 
baseline chedc against the analysis which tSC performed durix^ the 
first phase of the project. Vfe selected three developraetxts: one 
in cotpiter ardiitecture, one in peripherals ani one in concept of 
design* 

Tb help you in the secocxl round, the following are more 
detailed descriptions of these developnents. Davelc^xnent of a 32- 
bit address register for persoial conputers implies that lo^-cost 
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main manary is available to tha ccmputsr. The further implication 
i« that personal computer applications requiring extensive Tnenary 
Mcess and probably using 16, 24, or 32-blt micrppcocessors, are 
possible for loi^-oost systoas. Ebraaost an«ng these application 
arws wDuld be high quality, dynamic, color graphics, 
eoEiusticated diTKt voice inputs and coshes cai^astes^assistei 
^truction pcograns. The question concerning ocnwBrclalization 
of a lcfc^«5st flat screen deals with the issue of -providing very 
low-oDst consuaer coifuters — at the $250 Itwel or less. 
Dwel^nent of a IVnabock-eize personal conputer, Which 
««««ntially requires the existence of the gcevious two 
devel^ments, cmnotes the arrival of the truly personal, easily 
portable caipiter. 

IV. CRIME 

Qon^iiter crime is a subject that fascinates rnaiy aai vftiich 
PCs may v»ll eocacerbate. % included fsur events in our general 
set of evaitsi vie also had a separate, detailed inquiry. 

The first event postulated a law that \<ould require registry 
o f PC Q wierahip. The ca i oyt vies that there is an analogy between 
a caii Mteg -aided, vhite-oollar crime and a vieapotwided burglaryr 
both provide the cri m i n al vdth leverage that s/he does not have 
without mechanical aid. CSaiputer registration vould thus, in a 
eanse, be analogcMs to gm registration or to CB registration. 
The Azaor has had considerable opposition, ^n^ereas the latter is 
done routinely. such registration would aid both in detecting 
thefts of PCs ana reducing the pcobabiUty of subh occurrences. 
If registration mrm to occur at all, it prbb*ly vaould not occur 
until 19S5 or later, aeoocding to our panelists. 

T#o questions dealt vdth measures to protect software ftxxa 
piracy. I4i recognize the difficult in defining vhat is "pirate- 
resistant." A sis^e criterion mi^ be measures 'jAtidi, if 
inplenaated, wotsid make the oost of pirated software equal to or 
doee to the cost of honestly; produced softayare. SUch parity 
oould be achieved by making software <Amap (i.e., the marginal 
ooetof the software would be snail relative to the cost of the 
recording mediun and padcagizq) ther^ reducirq the incentive to 
pinte, or by mking piracy ej^nsive via criminal statutes or 
tort l2br. Cbnsequently, we have rephrased the question in this 
romd. 

Oam ai^roadi to protecting data and software is to provide 
Mcrj^tion. Rscent develppnents in encryption fibr large 
oainfranee may v«ll be transfsrrable to PCs at reasonable cost. A 
patent ham been issued to Sabert M. Best of Seattle, ^W^hington, 
a PC«-aciented software encryption systen; a 
crypt^dcroproceseor. The question should be examined thus in the 
li^ of vftiether such tranafar is feasible at reaaonable cost ard, 
if it is, whether it is likely to occur. 

V. dHBR SOCISraL ISSUES 

These questions focus on two societal issues other than 
crine ~ privacy and equity. 

The first event, snactmait of legislation -.ituch makes PCs 
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subject to the Privacy A=t of 1974 is based on the assunption that 
♦-he '^despread use of PCs will result in concern about the 
possibility of intruding into personal lives with these machines. 
Ihe range of pccblms runs fran the local boutique's maintaining 
credit- and other infiDtmation about cistomers to the trananission 
of malicious gossip over PC nets. Ihe issues are canplicated by 
thi^i question of vtoat constitutes private data; for ex^le, must 
all people on a Christmas card list be notified they are on the 
list? Ihe last might seen patently absurd, but strainer things 
havfli happened in the past. The Privacy law of 1974, in brief, 
requires that Federal agencies mate public the axistonce of data 
bastes containing infcrmatiai about individiJals, allow the affected 
individuals to examine the contents of Eiles concemir^ then (with 
certain restrictions) , and require correction of any errors found. 

Vfe do not shcM concensus on this qusstiOTi; towever, there is 
clear indication that the panel fialt that action was considerably 
dcwn the road and that there is a strong possiblity that PCs may 
never cane under privacy legislation. 

The second event dealt with measures to provide PC access to 
the poor.^ It can be argued that if PCs beoane widespread, they 
provide information capabilities that would make it even more 
diffi cult for people with low incomes and little training to 
cai?Bte in the job market. A class of ••information po or" might be 
created. One T^y of overccraing such class differentiations would 
be to provide pa±>lic access to PCs* Our model is the availability 
of library facilities that provide access to books, m^^azines, 
records and, more recently in many places, to video recorders. 
The in?)lication is that the pdblic access PCs would also provide 
the opportmity to learn how to operate (and program) machines* 

The opinion of the panel is that public access to PCs would 
occur only after widespread adoption of such siiDsidized ise. 

VI. APPLICATIONS 

satqpled fbiar apfiications aureas for PCss 

- educational use; in particular, elenentary 
school use; 

- heme monitoring 

- governnentmandated use; and 

- energy conservation 

In the case of educational softsiere, the concensus was that 
such softuare was near at hand, within a year or two - and 
certciinly in five years. There are indications that many firms 
are in the ed uc a t i o nal market; McGraw^4iill ani other publishers 
are issuing books on the use of BASIC for specific PCs; EDS and 
other firms are marketix^ video tapes and other leamir^ aids, 
^pple and Bell&Hswell are entering the CM market. Bills settiiq 
personal coiputer p r oje c t s in the Dapartment of B3ucation are 
being intanoduced. The Dallas School District is sellirq to other 
districts some of the courseware it developed for its TRS-BOs. 
These activities indicate great interest in the educational 
narket. The question asks vAiether this interest- will translate 
into the widespread marlcetirq of courseware for the elenentary 
school level in peirticular. 
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Tha use of PCs for hano incnitoring is 'well established. At 
present, it is usually a retrtafit; in the future it might be 
reason^le to ejcpect that PC-based monitoring vould be built in to 
^ ^^^^"^ ^""^ " interaan systans and snbke detection systeno are 
currently included in abov»-average cost taties. In franii^ our 
cjiestion, \m chose a price of $100,000 as the cutoff in teens of 
1978 dollars. A msitoer of our respondextSr particularly in 
SDuthem aii&mia, felt that this represented a very cheap 
hoi»e. Aiaiough the Southern California market has inflated, the 
tneiian price of a new house nationally in 1978 was in the $60,000 
range and even in Southern Oiltfbmia was under $100,000. Ebr 
purposes of ans«ring this question, you may consider the $100, 000 
^ue to r^resent houses in the top qparter of ttose being 

Oir question on IRS reqairanents is based on conversations 
with the US that indicate that the IRSf is presently considering 
ax:h a move for the raid-to late-19803. seek the canel's view 
as to vihether the agency will be able to meet such a goal. There 
may be institutional barriers within the governnent or lobbies 
outside the government that would either meed or delay surh an 
action. 

The atbstitution of oonaziication for transoortion has been 
iiy n issed and researched since the 1960s, to PCs canbinei with an 
energy-*ort environnent, particularly rising gasoline costs or 
decreasing availability of fuel, provide tetdwolcqical and 
econonic leverage to begin in^lementation of this, ccnc^? 



321 



> 

I 

ON 

00 



III mmn mmn m iNiiiiniom luii 



nuif 
odouBa 



I. "BALyipni^nyyu.!. mm 



I KVinil/arlloONUbliib 
H]or |>|]00RUllMOMr 
\ yuf iliknsoiutir 
IkOprogmii 



2i UaiUMlWMiNltUl 
ffS]ltltOCilDwlt«)K 
0( onpltff KfllpMIti 



3. l/lodBiCmbntotor 
MnulKtiKligoutpit li 
It Itiit 1/3 amity 
(onlgnlntoMti) 



ERIC 



f 

1)10 
IS-tl 

m 

IHII 



IMfl 
ll-M 

Mi 

mi 



HID 

ll-l( 

li-tO 

m 
mil 



MDiisnaiiiiTioNiiiRoau 

BUUOKMMtnif 



iHfliciaivuaflr 

Mm 



tlhnljnocRnUtoriciftm 
MntlMlSlodBwkit. 

tlltawUoRwlilariiwnoil 
ikmlictnntoiiicwIoiiioUy 

UIWNNlMinllUbuliit. 
-ltaiiiidMinlRDi|iirtIla|. 
-llilftlaKDixlorUliitaolhir 
(lildii i.g, mji, 



n IntMii lottyiq ty ikmlKtniiloi/ 
oopitir intiit^, 

-lAunitlnlyansniiotintl- 
VNlillntinifciintlHit. 



•Ill 

ofttoipnlN. 



I' 



mm 



MM 



H 
H 
I 
D 

■I 
•H 



H 

L 
0 

•l 
•H 
•8 



M 
I 



|.l 
I -I 



raiuQi 



u 

H 
L 
0 

•t 
•H 
■H 



Didicnnsyminnat 



1. (MiucmtofUIbilanoi of 
|MjiM)ti|iMUIan. 

2. Iii^«NlfllB'tectii9lo9lcil 
iMlvliHfvbotlHroountdtii. 



U 
H 
L 
0 
•I 
•« 



I ^ 

N 

I 



1. OmrilinenuilnUiKD' 

ImuiMiti 
)• BidianoMntodObaliinai o( 

ppnUfultion. 



1. Iiioriu»lnt«o(ticlnala]y 
truibrMwNniDctlclinnt 
cautrln. ' 

2. UtUiilurt'UtnIS ytldimid 
InlBbilMKiofiapnti pultlon. 

I. laij-ttiiunnliijodB 
biliooio(p)yN)Ufoiltlan. 



3:^ 



I . ; 



mmmm 


OOOUMMl 


: naininnniiBiiMoou 

MMMfitllfllff 


Bimcfaiwisor 


MMcnMaifuunni 






1 

jiM<MI 




DOionc 




noiiniwsorDn/iuiiHBir 


Bnmsi 


<- •>>P<iNidlnoUyiit«i| 


1 

■ 


,1UD 
.IHI 

Juiii 


ftldllllofllflMiOHltMlklt 

fUfUNi gov't Ml tvHlKtl 

piolajiollw. 
4l A|wiiii itUaiU iMliotiKlai 

IttferlCiiforti. 
•HtpiltloBottlMtrlotlnlvrt 

biRiin(9»ttt,tiri(b). 

1 
1 


*L 
HI , 
HI , 




t 

N 

I , 
t , 

HI , 
HI . 




I'ltnntniofDlliiiMQior 
l»lpnti|oilUaa. 

I'lKnulnguiwworiB 

ouMrilMtnnlGiRvliitby 
Arum IIm, 

iteiMlMlUiiitloMKim 


1 


wkitviUci^ltti 
bKiliiMini. 


• 


111! 

IS-II j 

1 

IIVII 


tihUinottBaMtoMtwtiit 

4^9at'tbd»tiiKlKil 

41 JtoiiMi itwMUinuiktirlni 

UifcrKfiMU. 
•IIilDilUaiorill^ortbirrlin. 

• 


HI 
Hi 




R _ 
H . 
I _ 
• , 

■t . 

HI 

• 

HI ^ 




l*KllMnl^O(||bilMoio( 

fil^ntiiDiltlai. i 

War--" : 

'•ioMlwiblyJwi, 

. ti*^!w«Ki. 

ihjrtuijgaiiflitij^,, 

totivlty. 




i DCooiiUlNlOmt 
l(tUln,ftMoi,1I.ORMv 
IMiMlMlilaMrll 
■Hilt l« tni, 

1 

! 
( 

t 


1 

1 


11(0 
IH(| 
ll*lt 
HI 

mil 


UMtinoIUIlMtoMitMrtit 

Ml 
tlBUMtkiofWailinlfa 

MfOCtltoUi 

^inCfir'tiifcildyolltt^imrttnk. 
•IMtbolUiqartbiirlin. 

i 
f 
1 


1 

II 

N ^ 
1 

•I, 

HI 


) 
« 


« 

M _ 

L _ 

* 

HI . 




1 

, Mtemliiodifaiiwiof 

pyMtoiQittlai. - ■ 

{?!£«!~ 

l.hniNiiiltlMtliMl(|ii 
Btivlty, 




( 
t 

i 








t 

1 


i 




1 


325 


o 

ERIC . 


( 


t 
i 




1 


1 
1 


1 
1 

1 

|i 









0 



1i UAiit. ofOMniinVor 
kUllvlMMJdilii. 

MUlil(iliiiivi|qpMrtiupj^ 

loinit louguinatM) to 

lllChini«riiio(twn 

pnducKi. 



I* hnl^Dfcolnnoifhn 
itlmtVtofUtR 



1 ItxilgnflmWKilii 
dflvlni mil I QtHw 

llMlttUMOtOf 

hiliMi. 



TNor 

OOCUNM 



00^ 
ERIC 



410 

inii 



IHO 

ii-it 

IMO 

m 
urn 



IMO 

m 
mi 



mommfmmm 
BMcmoiiiiir 



«lliUi)ikao(liwliMjuitMith!t 
toMifltklntoryil4 
ildfdortoibiOMiioNofNlii 
iIlto^D{tO(a|«tltlfln)• 



4lhliuno(llfliMtoMitiKto 



tanuMtiModroDtoiflo 

f)hnl9i9oir'tii|)iUyo(Mi, 
•IbpiltlcaofUitifaftbKrltfi. 



ima, ^ 

tUliliiitiiinorUffoilbnJaa 
«PUtotl, 

«innl9B gov't wtiUy of 
ufortumiinortoftio-tlif 
plug. 

•IMUaioflllipctbwIin. 



mt(am 


or 








mum 


H 




B 




H 




H 




L , 




I 




0 * 




0 . 




I 4 
















•fl 

■ 




■ 








u 

H ^ 




y 

H ^ 




N 




t 

h 




L 

• 




A 
V 

m 




* 








•t , 




Hi 

* 




-H , 




HI 




•B 




V 




U 




N _ 




H , 




I. 




L . 




0 . 




0 . 




•I ^ 




•t . 




•N 




•« . 








•fl , 


• 



DttncnuufuniMi * i 
riOiaunacriniuRiur ' 



I. (ll9lAlifnraii)to(lll»linci 
o(ri|Mi|oiUbi|ia(at«)ulth 
•(botofUKtoontlvii). 

IberiwIiiHlUnitlaniina 
HtlvltvlUivoiorlbilby 
tridiMluitMtJ^I, 



liHymliigodlbiijniiof 

ptywupiltlon. 
I bofNNo(|niini)c 

MmtmUoo. 



i'ttxMliigodgiiilmior 
2.pKrtuiblllil4bUdii% 

)i.(kiiUrittloiincy|tlirai]h 
«99lQNntl0Qofuihl]ti 
tidnolfljyinkitrlM), 

]• IncfiutldiwItarMm) 



3i 



9i 



ttmmm 



•iltkiKpirciiiiNoc 
(vdHDNbyMiniiy. 
NtloiunliitloM, 




il.lDNUbllilMhvt 
liotMbriQi. 



II'ISH iNitdoiidii 
•litlMoniiiutiJ 
Kit iMlullnj than 
hnrttl tm fxilfR 
brancluio(IB«4t[- 
AttlOMi (Im. 



328 



• I 




MllltbiaUiNi. 
3.awr»lkmi,ini«,i , 

intnutloMl Urii. 



3 



01 



I 



nrnniiLiiiim 




' McuniooHuniinwToau 
BUKSomuiir 


lBN»IIORfSR!r 


iMiiriauiinnar 






























KNDnc 


rauiH 






KilSIUUmtrictlonai 
ipmliiqlkoniiiqadC 


4 
■ 




nintinNl(%iiijty|ctn^t(y, 

t 


M 




II _ 

M _ 
I. 
0 . 
•I , 
HI ^ 
HI 




liInaniMlimxtiotlvityby 

mlllBbialnNm. 
MVOVMitlnlllbiliico 












u 
M 




H 
N 




1 
I 

' i 




n.lBcfMtitipooliI 
\miim (or IC 
tifxU to U9Dii|i*9i 

wmm iQiii (m 
EK-InQnk!. 


• 


1110 
ll-ti 
IMO 
HO ' 
UKfll 


ill FMwri bai lugi (B tdtlnitlmli. 


I 

0 . 

•I . 

HI 




0 . 
HI . 




t 

I* InorNNriUpdnliiitrlii. 

IntksoftDCk. 1 
]>lkrim iAiia»iot«Mionj ■ 

tutWMDCi, 3idwrU. 

lartlfilptlailnlCwrktt. i 

1, 





ERlC'' 



333 



APPENDIX B: 
EMPLOYMENT QUESTIONNAIRE 
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Please provide ^ur name, so that wa can send 
qiieetionnaire results to you: 



As part of an analysis of those possible effacts of microcanpiters that 
are relevant to public policy* w seA an estimate of seme of the 
onploymait^related impacts. B e c a u s e of your familiarity with es^loymoxt 
ccnditicns in this industry, \ye hope that you will take between ^f^'^ and 
thirty -fliinutes to complete this questionnaire. Vie will tabulate the results 
by industry and provide than to youp oonsistent with our confidentiali^ 
policies. %ur answers will help us detennine if the mspiayomt 
ccnsecyiences of raicroooBpiters should be left for private institutions and 
markets* or might morit further govemnont ccncecn. 

pacifically* in this inquiry ^ are ooncemad with net eaplpyncnt 
changes, in several industries, which may be a 'nmteiiiBnre of the widesveal 
use of microooqputers. 

A microooapitar is a soall* general purpose coifuter, frequently deslc- 
top-^sLzm, viiidi can be used for a vari^ of office finctlons, including 
ta^^ocsMing, ad and data base interKticn. 

Sane contsmporary mic rpcauM ters duplicate or exceed, the capabilities of ~ ' 
popular* standalone miniccnpxters at a ^' ^r ^im {stoat half or less) of 
their pdce. entire canplaent of the ^bove fisictions ixsduding a letter 
<?ality printer* now typically costs less thaii $12*000. 

Vie estimate that by 1990* all of the ^bove catpxter capabilities will 
be available for less than §6*000. On the other hani* a $12*000 (1980 
dollars) investmnt in 1990 will provide very extensive text processing* 
incluUng aoE*iisticated cQlor gr^iilcs and extensive interactivity with 
other ooxpxters. iheee 1990 machines will include user training software 
and have ^^personalized** interfaces with their operators. Ta 1990 it is 
l ihely that maicv lazge cor p ora tions will use microooqxxters extensively as 
components in distributed infbrmation processing systsos. 

Ihe 15 Bureau of labor Statistics uses the fioUowing gross categories 
for collecting and presenting data d30ut the U5 labor force: 

A. ftofessional* technical* and kindred 

B. Managers* officials* and proprietors 

C. Clerical and Idndred 

D. Sales 

E. Qcaft and kindred 

F* Cperatives and kijoired 

G. laborers 

a. Service 

Vte are using tiiese same classifications in this ing;airy. 



335 



CCNPIC^rZALHY PIZDGS 



Yom candidness in remanding to our qoestions may depend cn youc 
copQ denca that ypur estimataa will neither be attributed to yoa or ^ur 
oat^any, nor evm cited ancnytoously. Vfe premise to retain yaue Identity in 
our filee in cxsded torn onlyr to circulate md/ae piJbliah only aggregated or 
^g r^^p ed* reqpanees to this quBstionnaire; and n0rer to identify axiy 
respondents individually or to associate any ca^axv with any of the 
figures. 

WHIVr WE SESC 

In the questions that fbllov, we sedc your unresearAsd, best estimate 
of swenl scploynentTBlated qiBntitiea. %ur estiinates of litely changes 
in cnqaloymatt levels hold greater significance for us than doss the a c c u r a cy 
of the estimates of current msplafamt levels* So, please devote jour 
discretionary time to thiidcing abo ut changes in en^dpyroent levels, rather 
than to reeeardiing current eDnplpymsnt figures. Vfe recognize that the 
information yau provide is personal, not official. 

Vie shall ask a series of questions about currant employment levels in 
ysur iniustry and in ymr firm, Sav several nr^Y^timal categories defined 
above. Via diall tiwn aide you to fbreeast 1990 enpLoymeat levels in your 
industry and in ^ur SLm fbr these categ^ies. VSaxt we ask that ysu 
estimate the puqmtage jdmage in these categoriM, between ^1^ 1990, 
that will be attributable to autaoBticn. Via ask yoix to further estimsite the 
percentage change in these categories that will be attributable to 
mic rixtjitait ers as defined above* Finally, we ask hov any job displacenent 
remlting fixm micxooonqputers might, and ahould, be harmed. 

»UR jsausrsx x 

^ FLease consider your in dust r y to be the •• 
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BBTIMft mS Qg 1980 34ELCf3fr!E2IP IZVELS 
IN INDUSHQT AND FIEBI FOR v:>i ! ii-t '' i v r^ 
QCCOBMinCNAL CKXSXSRIES 

Ebr o f tlui fi?iiswi«g ocojpational catogorica in colunn A, please estimate the currant 
a^oynmt level, yauc JSDUSTRSf (oalOTi B) and in jour ElBM (ooluro D). FLeaae alao provide a 
nn9« axojQd eetinate vdthin vlj^icto, in the chancen are ft» out of thrae (2 out 

of 3) ttiat actual figure falls. 

ccasxrWM^ tour iNDosrsof tour vtba 

CA) (B) (C) (D) (E) 

1980 an^toxraent The chances are 2 1980 Bnployment Ihe chances ar 2 
(estimate) out of 3 that: true (estimate) out of 3 that trraa 
figure lies betwen figure lies between 

(E.a: 52.QQQ 45jaQQ and 60,000 1,750 1,700 arri 1,800 

Oberativest -i 

in Widgit 
IhduBtzy) 

A and „ ana 

3 and 

C and arf^ 

D and ^ v> :i< 

E and **** - 

F and ____ ^^^^^ aoi 

G and ......^ -^- ..^ 

H and ^and 



A« ftofiissional, technical, and kindred. 

B. tteiagers, officials, and proprietors. 

Clerical and kindred. 

0. sales. 

B. Craft and kindred. 

F. Operatives and kindred. 

G. laborers. 

H. Service. 
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PORBCAS T OP 1990 EMPLOBiESIP lEVEtS 
IN TSOJSSSf AND FIBM PGR SEISSIED 
OOCQRVnOKUi CAIBSRIBS 

Ebr each of thefollMing catflgcritts In colxim A, pleaM fbncast the fatuce anplaymmt ^ 

levels in ysur mDUSmr (colina B) and in ywr FZBM (oaluon 0). RLeaee also pcoidde a range f 
aromd eadi fiDrecaet viithln in your opinioa, the <dianoe8 are tw out o£ three (2 out o£ 3) 
tint the actual figure falls. 

Q OgjWOT OMRL YOIR USDOSTSS YOUR FIR4 

(A) (B) (C) (D) (E) 

1990 ax^loyont Ihe dianoes are 2 1990 Eaxplayamt Hie chanca are 

(farecast) out of 3 that true (farocast) out of 3 that true 

figure lies betwoen figure lies between 

(S.a: 4S>000 40^000 and 50.000 1,900 1,700 wd 2,000 

O^aratives, — — - ■ ' ■ 
in vadgit 
Ibduitry) 

A and and 

B ' and .......^ ' - 

^ • and ,_iBid • ^ 

^ and gttri it 

E and 

P • and ani _ _ 

<* and " _ , ,ana ^ 

H and an! 



A. ftofassional, technical, and kinired. 

a. Muiagers, officials, and proprietors. 

C« Clerieal and Idndred. 

O. Steles^ 

E* Q r a f t and Icindred* 

F. C^eratives and kindred. 

G» Laborers. j 

H. Service. ^ 

J' 
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B-5 



You have now estimated 1980 onployiient Iwels in your irriuatry and your 
fizxn, and fiarecaetod aploynwxt levels for 1990. 

m vould now like y3u to estin^ the <diancres in onpLoymont levels that 
vail be a ttr ib i Tt able to AUrCMKnGN# and to a subcategory of autGroation, 
MICSOCCMEUIESS* 

QiangiM in ea^ploymetit levels are the reeult of mm/ factors, of which 
autontion is only cne« The iniBct of any spseific factor may be in the 
ssM direction as the net trsnd, or in the oRposite direction. (Bar 
example, the gzoee invaet of <jw e Knu ent regulations may be an increase in 
ei^Loyront, in an industry v^hiA suffers a net decrease in enplqymnt.) 
Likewise, the impact of mierocoqauters may be in the same or opposite 
direction as the impact of autaiation in gsneral. 

saner op tsaam nas a s wsLcnmrr 
lEVEts m Yom SBXBiRar A£D wur fzbm 

^ 1980 • 1990 



Ebr eacft of the occupational categories in Gbltinn A, please estimate the percvttage dhaajm in 
amployaeat between 1990 and 1990 (1980itese) that will occur in jour IND05IOT (coluan B) and in 
yaur FZBM (oalmn C). 



(A) 

OOClSATIGtSAL 
aVTEXSEOf 



(B) 

BST3MA3ED % CBUCB INf 
WBUJUKBSn OQB TO AUTO-* 

mracB acxwmi i9eo & 

1990(a> aASE) FOR YOUR 
SBXBSSCT. 



BSnMAillED 5 CBI\NGS IN 
^mOMSa DOB TO AUTO- 
MnON BBIWBBI 1980 & 
1990(80«ASB) FOR VXEL 
FIRM. 



-A$PEaP,lBCB. 

BtMQfT. 

CsCZZRIOVL 
-OsSALBS 

GsXABGRESS 
Hs SERVICE 



^% zucrease/ebcssasb 

(circle one) 

ZEBREAS^OBCSEASB 
(drele one) 

^% ZfiCR&aSE/ODCRBASE 
(circle one) 

_t BKSGSASE/CBCSEASB 
(circle one) 

^% ZfiCBEASE/OBCREASB 
(circle one) 

^% IBIOBAS^OBCBEASE 
(circle one) 

^% TSXSEMB/TECSei^ 
(circle one) 

INCHEASS^OBCRSASS 

(circle ens) 



^ bcreasq/dbcbease 
(circle one) 

% IfiCSEAS^CDCSSASB 
* (circle one) 



ISCSEASE^OBCSEASB 
(circle one) 

^ nO&AS^QBCBEASB 
(circle one) 

Jk IMCRBA5E/CBCSSSASB 
(circle one) 

^ TXSBRSB/tBSSEKSE 
(circle one) 

Jk INUUEASEyCBCREASE 
(circle one) 

^ IHCREASEyCBCREASE 
(circle one) 
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.iSnCT ^ MZCBOOGMRTISS 0(7 EMELGUiE^ IZVELS 
IN YDCR ZNEXBIRSr AND YDtR FIBM 

^ 1S80 - 1990 _ 
Sriirjk,i3aJ OTCUBflTICM^L CA3SQ3RZES 
ELBASS REFER TO EAGB 1« EEFlHrnaB 

!br aach of tha ocoip a tlorvil catagocUn in colan A* plaase estimate the psrcnge 
ai^loyiwt b€tMMn 1360 and 1990 (1960 « laum) ttiat wLll occur In jour TSOOSTSa dm to 
grfer nnriTTnfr s in yam industry (ooltinn B) and in yxar FIPH dut to tbs um of 
jour fLzm (oolum C) • 



i 



ths UM of 

in 



(A) 

OCgrtBATICMAL 
GOBQOHY 



(B) 

ESTIMAIIED t CBANCZ IN 
BfllXnMBir BBIW^ 191fK) 
AND 1990(804ASB)IH 
mPOBng DIB T 3 IBS OF 
MIC aDCQ gUTERS IN YOUR 
TODOSHOf^ 



(C) 

B9IIMAIXED % QANS IS 
EHEXOaiBir BEIWEEN 1960 
AND 1990(a04ASE)IN YDUR 
FIRM DUB TO OSE OP 
MICROCCMEUXERS IN YOUR 

iNDosmr. 



AiPRQP, TFTH. 



B:MCS«r. 



C:CZ£RICAL 



DiSAIES 



SsCHAFT 



FiOBS^AXIVES 



GsIABGRERS 



HsSERUICB 



mCREASE/DQCREASE 
(cirela ona) 



INCRSVSE/EBCESASE 
(drcla ons) 



qcrease/obckbasb 
(circle one) 

INCKBAa^QECS&ASB 
(drcla cm) 



incbeasb/cbcreasb 

(circle one) 



INUHSAS^EBCBEASB 
(drele cm) 



mCESAS^CBCREASB 
(circle one) 

ZBCREASE/aSCSlBASB 
(circle one) 



INCRESS^DBCREASE 
(circle one) 

INOOAS^OBGREASB. 
(etcde one) 



IbERBA^/OBCRERSS 
(circle one) 

iaobasb/ddcrease 

(circle cos) ^ 

INCREAS^DEKREAE 

(circle one) 

INCE&SAS^EECREASB 
(ctrele cm) 



increase/ibcbease . 
(circle cm) 

INCESaSE^/CBCREASE. 
(circle cm) 
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You nave just sstmated ine change in amploynartt le/els, by occuaationai cateqorias, in vou 
i.23'JSt:ry -oec-een , 1930 and 1990 that will be attribtBiable to the use of the microcanputer in your 
ind^try. -.v^ new like you to estimate how any gzosa decreases in -anolovment iue to this 

^'^^^ handled in your industry. Belsw is a list of four possible -ways that job loss might be 



A. Itemination. 

B. Attrition. 

C. Transfer within the firm without retrainirq. 

0. Rstrainirq and repLacsnent at tha fixm's expanse. 

E. Other. 



Please circle the letter at the right of each of tha fibllowing 
statement that beat r^esents the strategy you believe beat 
cacpletes the statemnt. 




Tha strategy that will most caanonly ba fbllowod in 
the inJustry for dealing '^th job losses attributable 
to the use of rai crocmy tuera in the industry is 



The strategy that will laaat caanonly be fbllowad in 
the iiriustry for dealing '-dth job losses attributable 
to the use of microocEOJtars in the industry is 



The strata tihat I believe ^wuld be fbllowad in 
the industry Sot dealing with job lasses attributable 
to tha use of raierooor^ters ii'i the industry is 



3i 



i 
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Please estimate the percentage of atpLcsyees in your industry currently use computers as 
Sartof their job respsnsibilities* *^Jse of coi^xiters" means direct interaction with a concuter 
or canjxiter ter m i nal s even though this interaction is only occasional. 



c^raGSior e: servics % 



Viist other fe e tors might affect tha estissatas you hatve made here? 



34Z 
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INCCSnCf % CURREOTLSf USING % USING CCMOTSS 

OGMEVTEES SY 1990 j 

CftTEX30RSf A: PROP, TECH- % % 

CATSCDR2f B: M3ff. % % 

G^BGOPY C: GLEKECSL % % 

CMSQSffif D: SALES % % 

OOTGDRST 2: CRAFT % % 

CVTSGDBY F: QFSS^!IIVES % ^ 



Please estimate jour industry* s growth over the next ten yearss 

OIRREOT lSm3 CSMifSZ BY 1990, % 

SAIZS %^ % mCRES^SE EBCRZASS 

(please circle one) j 

ASSETS %^ % EJCREASE OQCHEASE / 

(please circle one) 

aiaOYMEIT % % INGEIEASB EBCREASB 

(please circle one) 

Vtia t cjav eiiiuent policies* existing or possible, might affect the way this 
INDUSTRY deals with the eraploymmt consequences of microccniutera? 
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